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ARKANSAS ACADEMY OF SCIENCE
THIRTY-SIXTH ANNUAL MEETING
Arkansas State College, Jonesboro
April 25-26, 1952

FRIDAY MORNING, APRIL 25
10:00 Registration
11:15 Meeting Called

to

Welcome by the President of the Arkansas Academy of Science.

Order.

FRIDAY NOON, APRIL 25
12:45 Luncheon
1:15 Address:

Dr. Carl Reng, President, Arkansas State College.

FRIDAY AFTERNOON, APRIL 25
2:00

Biology, Chemistry, Mathematics,
Geology, History, Sociology.

Sectional Meetings.
Psychology,

Physics, Science Education,

FRIDAY EVENING, APRIL 25
6:00
7:00

Dinner
"
Address:
"Operation Infinity, Russell S. Poor, National Science Foundation, Washington, D. C.

SATURDAY MORNING, APRIL 26
Business Meeting. Treasurer's report. Report of standing committees and special committees. Election of officers. Appointment of committees.
9:30 Selected Papers from Science Talent Search and Arkansas Junior Academy of Science;
Supervised by J. A. Doughty, University of Arkansas, and Miss Ruth Armstrong, Ft. Smith
Junior High School.
12:00 Official Adjournment
12:15 Informal Luncheon
8:45

SATURDAY AFTERNOON, APRIL 26
1:30 Botany Field Trip. Arranged by Dr. Delzie Demaree and Dr. D. M. Moore
SECTIONAL PROGRAM

Chairman:
B-l-1
B-2-2
B-3-3
B-4-4
B-5-5
B-6-6
B-7-7
B-8-8

BIOLOGY SECTION
W. C. Munn, Southern State College

The Comparative Amount of Chlorophylls and Other Pigments in Plants Grown with Various Mineral Deficiencies, Jean Rosser Williams, Arkansas State College.
Cationic Activities and the Exchange Phenomena of Plant Roots: I. A preliminary
Report, E. 0. McLean and F. E. Raker, University of Arkansas.
Ionic Exchange in Soils: I. Measurement of the Exchange Reaction by Means of Ion
Exchange Membranes (Preliminary Report), D. A. Brown, University of Arkansas.
Rediscovery of the Bigleaf Magnolia in Arkansas, D. M. Moore, University of Arkansas.
Heterosis in Maize Embryos, R. S. Fairchild, University of Arkansas.
Prairie Vegetation in Northwest Arkansas, E. S. Ruby, University of Arkansas.
Hyaluronidase in Tissues of Normal and Tumor Experimental Animals, Louis R. Fina, University of Arkansas.
Interference Between St. Louis Encephalitis Virus and Western Equine Encephalomyelitis
Virus Along a Neuronal Pathway, Carl E. Duffy and Harry M. Meyer, Jr. , University of
Arkansas, School of Medicine. (By Title)
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Length of Gestation Period in Dairy Cattle, James L. Cason, University of Arkansas.
B-9-9
B-10-10 The Nutritive Value of Certain Lespedeza Hays for Wintering Dairy Heifers, E. D.
Moore, L. Ratcliff, and J. L. Cason, University of Arkansas.
B-ll-11 Motility of Spermatozoa and Control of Bacteria in Bovine Semen Extenders Containing
Sulfanilimide, Aureomycin, Terramycin, Bacitracin, Penicillin, and Streptomycin, H. K.
McCartney and 0. T. Stallcup, University of Arkansas.
B-12-12 Effectiveness of Implanted Bacitracin on the Growth of Suckling Pigs, D. L. Tucker,
P. R. Noland, and E. L. Stephenson, University of Arkansas.
B-13-13 On New Species and New Distribution Records of Millipeds, Nell B. Causey, University
(By Title)
of Arkansas.
B-U-lb Effects of Certain Cotton Insecticides on the Mourning Dove (Zenaidura macroura),
Howard Young, Andrew Hulsey, and Robert Moe, University of Arkansas. (By Title)
B-15-15 Additional Records of Arkansas Earthworms, I; Additional Records of Isopoda in
Arkansas, II; David Causey, University of Arkansas.
(By Title)
B-16-16 Comments on the Bacillariophyceae of North Central Arkansas, Albert Robinson, Jr.,
Viola High School. (By Title)
B-17-17 On Arkansas Microdrili, David Causey, University of Arkansas. (By Title)
B-18-18 Toxicity to Bull Spermatoza of Terramycin Hydrochloride and Its Use as an Antibacterial Agent in Semen Extenders, 0. T. Stallcup and H. K. McCartney, University of
Arkansas. (By Title)

Chairman:
C-l-19
C-2-20
C-3-21
C-4-22

CHEMISTRY SECTION
Morton Dworshak, College of the Ozarks

Pharmaceutical Chemistry, R. 0. Bachmann, University of Arkansas.
Some Derivatives of Styrene, William K. Noyce, University of Arkansas.
Application of Glass Blowing to Scientific Research, W. J. Wheeler, University of
Arkansas.
How to Prepare Copy for the Illustrator, J. R. Gray, University of Arkansas. (By
Title)

C-5-23
C-6-2U
C-7-25
C-8-26
C-9-27
C-10-28
0-11-29

Abnormal Surface Energies Exhibited by Atomized Sodium Chloride, E. D. Jones, D. S.
Burgess, E. S. Amis, University of Arkansas.
Review Paper on Some Aspects of High Intensity X-Ray Irradiation, M. D. Peterson,
P. K. Wang, M. Dworshak, et al. College of the Ozarks. (By Title)

,

Ceramic Uses of Arkansas Nepheline Syenite, Harry Reynolds, University of Arkansas.
Chicken Feathers as the Basis of a New Arkansas Industry, Art W. McCloy, University of
Arkansas.
The Effects of Pressure on Heat Transfer Through Fabrics and Quilted Material, William
G. Roberts, University of Arkansas.
Simultaneous Spectrophotometric Determination of Iron (III) and Iron (II) with Orthophenanthroline, John A. Smart and Aubrey E. Harvey, University of Arkansas.
Undergraduate Inorganic Chemistry, Robert W. Rowden, University of Arkansas.

Chairman:
G-l-30
C-2-31

GEOLOGY SECTION
N. F. Williams, Arkansas Resources
and Development Commission

The Eocene Flora of Northern Crowley's Ridge, Arkansas, Ellis Doyle Herron, Arkansas
State College.
Geologic Problems in the Arkansas Coal Basin, Norman J. Payne, University of Arkansas
(By Title)

G-3-32
G-it-33

Geology of Eastern Logan County, Fred H. Downs, University of Arkansas.

(By Title)
Residues
the
Jack
D.
Mussett, University of Arkansas.
Insoluble
of
Kessler Limestone,
(By Title)

G-5-34

Recently- recognized Details of Geologic Structure at Hot Springs, Arkansas, Robert H.
Arndt and Raymond B. Stroud, University of Arkansas.
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G-6-35
G-7-36
G-8-37

5

Surface Radioactivity in the Granite Mountain Area, Pulaski County, Arkansas, Eugene
L. Jones, University of Arkansas. (By Title)
Distribution of Radioactivity in Uranium-bearing Rocks from Potash Sulphur Springs,
Garland County, James W. Baxter, University of Arkansas.
Geologic History of the Michigan Structural Basin, George V. Cohee, University of Arkansas. (By Title)
HISTORY AND POLITICAL SCIENCES SECTION
Chairman:
Georg G. Iggers, Philander Smith College

HP-1-38

"Automatic

Reappointment

for the Arkansas General Assembly, Franklin M. Bridge, Uni-

versity of Arkansas.

HP- 2- 39 The Threat and the Promise of Power Politics, Ralph G. Jones, University of Arkansas.
HP-3-U0 Lamennais and Bazard. A Study in the Philosophies of History of Catholic Traditionalism in France and of Saint-Simonianism, Georg G. Iggers, Philander Smith College.
HP-it-hi The Decline of the Florentine Republic from the Invasion of Henry VII to the Dictatorship of Walter of Brienne, Marvin Becker, University of Arkansas.

Chairman:
M-i-42
M-2-43
Af-3-44
AM-45

MATHEMATICS SECTION
J. R. Abernathy, Arkansas Polytechnic

College

Application of Mathematics to Chemical Engineering, C. W. Oxford, University of Arkansas. (By Title)
Review of Mathematical Techniques Applied to Closed Loop Control, N. H. Barnette, Uni(By Title)
versity of Arkansas.
Modern Computing Machines and Some of Their Implications, Harold Shniad, University of
Arkansas. (By Title)
Error Considerations in Mechanical Integration, Stacy Hull, Oak Ridge, Tennessee.
(By
Title)

PHYSICS SECTION
M. L. Lawson, Arkansas

Chairman:
P-4-46
P-2-47
P-3-48
P-U-te
P-5-50
P-6-51
P-7-52
P-8-53

Interferometric Determination of the Magnetostriction Constant of Bar-shaped Samples,
Z. V. Harvalik, University of Arkansas.
A Low Thermal Capacity Thermocouple By Evaporation Methods, R. W. Raible and R. M.
Pierson, University of Arkansas.
Diffusion Cloud Chamber, B. J. Good, University of Arkansas.

Alpha Ray Spectrometer

Ps-2-55
Ps-3-56

for Determination

Hyde, University of Arkansas.
Apparatus For Measurement of Atmospheric
Woosley, University of Arkansas.

of Radioactive Gases, P. E. Damon and H. I.

Attenuation of Light, John E. Lyon and R. D.

A Simple Laboratory Thermoelectric Pyrometer, R. M. Pierson and B. S. Garrett, University of Arkansas.
Preparation and Properties of Lead Sulfide Layers, J. A. Doughty, University of Arkansas.
Artificial Reverberation Generator c, C. Allen and J. P. Decker, University of Arkansas.

Chairman:
Ps-1- 54

State College

PSYCHOLOGY SECTION
College of the Ozarks

Henry W. Sagesar,

Alternation of Response as a Function of Work, Merrell E. Thompson, University of Ar(By Title)
kansas.
Reaction Time as a Function of Energy and Luminosity of a Visual Stimulus, Emir H.
Shu ford, University of Arkansas. (By Title)
The Zeigarnik Phenomenon with Groups, Frank P. Gatling, University of Arkansas.

(By

Title)

Ps-i,-57

Eye Preference and Color Preference and Their Effect on Color Band Location and Width,
Z. V. Harvalik, University of Arkansas.
(By Title)

https://scholarworks.uark.edu/jaas/vol6/iss1/1

9

Journal of the Arkansas Academy of Science, Vol. 6 [1953], Art. 1
ARKANSAS ACADEMY OF SCIENCE

6

SCIENCE EDUCATION SECTION
Chairman:
Miss Marie Easterwood,
Arkansas State College
SE-1-58

The Use of MKS Units in Elementary Physics Instruction, L. B. Ham, University of Arkansas.

What Is the Role of Biology in Modern Education? Joseph F. Maries, University of Arkansas.
" Z. V. Harvalik, Uni
SE-3-60 Report on the Pilot Course "Pattern of the Physical Sciences,
versity of Arkansas.
SE- 4-61 Arithmetic for the Scientist and for the "Common Man", or Death and Transfiguration of
Grocery-store Arithmetic, B. H. Gundlach, University of Arkansas.
SE-2-59

Chairman:

SOCIOLOGY SECTION
M. J. Daniels, Arkansas
Polytechnic

S-l-62
S-2-63
S-3-64
S-4-65
S-5-66

College

The Probable Causes of Religious Apathy in Our Institutions of Higher Learning, and
the Proposal of a New Naturalism, George G. M. James, A. M. and N. College, Pine Bluff.
Progress Report on a Quantitative Study in the Sociology of Knowledge, Franz Adler
University of Arkansas.
Some Anthropological Evidence Regarding the Possibility of Greater Social Control in
the Economy of the Future, Paul F. Tjensvold, Arkansas Polytechnic College.
A Comparative Analysis of the Contributions of Emil Durkheim and his Contemporaries to
Social Theory, J. E. Blackwell, Shorter College.
The Social Standing of 100 Occupations Evaluated by Southern State College Students,
Norman F. Washburne, Southern State College.
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SECRETARY'S REPORT
Thirty-sixth Annual Meeting
Arkansas State College, Jonesboro
April 25 and 26, 1952
President E. A. Spessard welcomed members to the thirty-sixth meeting of
the Arkansas Academy of Science at a business meeting called to order at 11:30
a.m. on April 25 in the Auditorium of the Science Building.
Dr. Spessard expressed his sincere appreciation to the members of the Program Committee for
their work in preparing the technical program and to the officers for their contributions to the smooth functioning of the Academy during the 1951-1952 year.
The first business meeting then was called to order by the President.
The minutes of the 1951 meeting and the Secretary's report were approved,
as they appeared in Volume V of the Proceedings.
J. A. Doughty presented a report on the activities of the Junior Academy of
He also
Science, calling attention to the vigorous growth of this organization.
On the motion of
described the accomplishments of the Science Talent Search.
Dr. L. B. Ham, both reports were enthusiastically approved.
Dr. D. M. Moore reported for the Editorial Board, explaining some of the
In
difficulties encountered in the publication of Volume V of the Proceedings.
the absence of Z. V. Harvalik, Chairman of the 1951-1952 Policy Committee, the
report of the Committee was presented by Dr. Moore.
Both reports were accepted
with thanks by the Academy.
On motion of W. W. Grigorieff, the President appointed the following as a
special committee to consider all of the broad problems now confronting the
Academy and to make suitable recommendations and nominations of officers at the
fiscal business meeting on April 26:
Chairman: L. B. Ham
T. W. Smith
W. W. Grigorieff W. J. Smothers
D. M. Moore
E. A. Spessard, ex officio
The business meeting was adjourned at 12:30 p.m.
A delectable luncheon was served at 12:45 p. m. in the dining room of the
Commons Building, at which President Carl Reaz, of Arkansas State College, welcomed the visitors in an inspiring address, calling for renewed efforts by the
Academy to carry on its pioneering effort to promote scientific interest in the
State.
The sectional meetings of the Academy were called to order by the respective chairmen at 10:00 a. m. A total of 71 papers in 9 different sections was
p resented.
Following a dinner served in the Commons at 6:30 p. m. , Dr. Russell S. Poor
of the National Science Foundation, Washington,
D. C. , addressed the members in
"
a talk entitled "Operation Infinity.
The speaker, a former president of the
Alabama Academy of Science, gave a broad survey of opportunities and prediand presented an illuminating picture of the
caments which confront academies
proposed program of the National Science Foundation.
The second and final business meeting of the Academy was convened on Saturday morning, April 26, at 8:45 a. m. Dr. T. L. Smith presented the financial
report for the fiscal year.
Dr. Smith also presented his resignation.
Dr. William K. Noyce, chairman of the auditing committee, reported that
the accounts were examined and were found to be in perfect order.
It was moved,
seconded, and carried that Dr. Smith's report and resignation be accepted.
Dr. P. M. Johnston, chairman of the resolutions committee, presented his
report, which was accepted.
Dr. Ham requested that Dr. Grigorieff present the report of his committee,
which was concerned with organizational policies and with nomination of officers.
The proposed new plan is intended to broaden the participation of persons

https://scholarworks.uark.edu/jaas/vol6/iss1/1
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interested in science in the affairs of the Academy and to enlarge the group
which is responsible for the activities of the Academy.
Dr. Grigorieff described the Academy's goal as "Science of or for the State
of Arkansas for All." This, he said, should be achieved by a broader membership

participation along the following general lines:
University and college faculty members
High school teachers

MEMBERSHIP

Senior

Graduate students

Associate

Industrial members
State and federal agency staff members
Laymen
Amateur scientists

Patent attorneys
school students
Junior high school students
Elementary school students

LHigh
Junior

Dr. Grigorieff also presented

Future Farmers of America
Others
an outline of a recommended organizational

plan

for the Academy, as follows:
President, to be elected for one year by the membership.
President-elect, to be elected for one year by the membership.
Secretary- treasurer, to be elected for three years by the membership.
Managing editor, to be elected for one year by the membership.
Vice-president for Program, to be elected by the chairmen of each section.
Vice-president for Membership, to be appointed by the President, to head

Membership Committee.
Vice-president for Publications,

to be

appointed by the President,

to

head

Editorial Board.
for Junior Academy work, to be appointed by the President,
of the Junior Academy of Science.
would
constitute the Policy Committee, which should meet at
eight
These
officers
least twice a year in addition to the annual meeting; the Committee also would
be responsible for changes in by-laws.
A motion by Dr. W. C. Munn to "adopt -his general plan of operation" was
carried.
It was acDr. Grigorieff then presented his resignation as Secretary.

Vice-president

to head activities

cepted.

Dr. Ham presented the recommendations of his Committee for officers
1952-1953:
President:
Secretary- treasurer:
Delbert Swartz
W. J. Smothers
President-elect:
Z. V. Harvalik Managing Editor: W. R. Legg

to

serve during

These nominations were unanimously approved and the individuals were declared to
"In the
be elected.
It was moved by Dr. Noyce, seconded, and carried that:
and
future, nominations should be submitted well before the annual meeting
"
should go to the membership simultaneously with the proposed program.
Southern State College presented an invitation to meet at Magnolia in 1954
or 1955.
It was moved, seconded, and carried to hold the thirty- seventh annual
meeting at Magnolia.
Mr. Doughty opened the. general technical session at 9:30 a. m. by briefly
describing the work of the Science Talent Search and, together with Miss Ruth
Armstrong, presented an interesting program by a few of the junior scientists
who participated in the Search.
Dr. Spessard adjourned the Thirty-sixth Annual Meeting at 11:35 a. m.
A botany field trip, arranged by Dr. Delzie Demaree and Dr. Moore, was
enjoyed by many of the Academy members.
The 1951-1952 academy year and the Thirty- sixth Annual Meeting may mark
a significant point in the life of the Academy, for they laid the foundation of
broad program of action which could be fruitful of results.
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ABSTRACTS OF PAPERS PRESENTED AT THE THIRTY-SIXTH ANNUAL MEETING
Arkansas State College, Jonesboro
April 25-26, 1952
BIOLOGY SECTION
Chairman:

W. C. Munn, Southern State College

B-l-1
The Comparative Amount of Chlorophylls and Other Pigments in Plants Grown With Various Mineral
Deficiencies. Jean Rosser Williams, Arkansas State College.
The object of this work was to determine the optimum controlling mineral in the production
of chlorophylls; also, to determine the relationship of xanthophyll and carotene to the chlorophylls.
Corn, soy beans, and tomatoes were grown in clean sand with carefully prepared diets.
Plants grown with full diets were used as controls. Each type of plant was given diets deficient in potassium, phosphorus, calcium, magnesium, and nitrogen.
Chlorophylls, extracted with acetone each week during growth, were carefully compared with
a series of chlorophyll solutions to obtain a quantitative ratio.
In order to make a quantitative comparison of carotene, xanthophyll, and chlorophylls,
petroleum- benzene extraction of these pigments was separated by drawing the extract through
column of powdered sucrose.
Root systems were preserved and measured.
All imperfections of the plants were recorded
during growth.

B-4-4
of the Bigleaf Magnolia in Arkansas. Dwight M. Moore, University of Arkansas.
The Bigleaf Magnolia (Magnolia macrophylla Michx.), first reported from Arkansas by
R. Ellsworth Call in the State Geologic Report for 1889 from three trees observed south of
Forrest City, has been practically unobserved since that time. In 1939 specimens were sent in
Search for these trees was hindered by the
from Clay County and identified as this species.
death of the man who had found them. In June, 1951, after several previous and futile attempts, a good stand of these trees was found in Clay County, about 11 miles west of Piggott.
Rediscovery

B-5-5

Heterosis in Maize Embryos. R. S. Fairchild, University of Arkansas.
This investigation was undertaken to explore the possibility that heterosis may be expressed in histological and morphological development of different parts of the maize embryo.
A split-ear pollination technique was employed so that inbred' and hybrid embryos were
grown on the same ears. Embryos of inbreds and reciprocal hybrids were studied at 5-day intervals until morphologically mature.
Developmental expressions of heterosis are evident in the plumule, radicle, and seminal
roots.

B-7-7
Hyaluronidase in Tissues of Normal and Tumor Experimental Animals. Louis R. Fina, University
of Arkansas.
Hyaluronidase determinations made on eight fibrosarcomas of mice and six fibroadenomas of
rats under rigidly aseptic conditions indicated that fibrosarcoma had about one-tenth the
hyaluronidase activity of testis tissue, and about 10 times the activity of fibro-adenona.
The kidney and spleen of tumor-bearing animals contained approximately the same amount of enzyme as the tumor of these animals. By the same turbidimetric method, normal spleen showed no
activity and normal kidney had only slight activity. Bacteria were found to be present in many
tumors but apparently were not responsible for the hyaluronidase activity of the tumor tissue.
(Investigation supported, in part, by a research grant from the Damon Runyon Memorial Fund for
Cancer Research. )
B-10-10
The Nutritive Value of Certain Lespedeza Hays for Wintering Dairy Heifers. Ed D. Moore, Lantis
Ratcliff, and James L. Cason, University of Arkansas.
Sericea and Korean lespedeza hays were compared for wintering dairy heifers in a 91-day
feeding trial. The group fed Sericea lespedeza hay ad libitum gained 0.46 pounds per animal
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per day, consumed 33.7 pound of hay per pound of gain and refused 18.5 per cent of the hay fed.
Heifers fed Korean lespedeza hay gained 1.03 pounds per animal per day, consumed 17.4 pounds of
had per pound of gain and refused 12.5 per cent of the hay fed.
In a trial with younger animals one group fed 3/4 pound of grain per 100 pounds of body
weight with Korean lespedeza hay gained 0.88 pound per animal per day and consumed 9.1 pounds
of hay per pound of gain while a comparable group fed 1/2 pound of grain per 100 pounds of body
weight gained 0.74 pound per animal per day and consumed 11.9 pounds of hay per pound of gain.
B-12-12
Effectiveness of Implanted Bacitracin on the Growth of Suckling Pigs. Dennis L. Tucker,
P. R. Noland, and E. L. Stepehenson, University of Arkansas.
A total of 207 suckling pigs was used to determine the effect of implanting bacitracin on
growth rate. Of these animals, 59 were used as controls, 56 were implanted with 1,000 units of
bacitracin, 44 were given 2,000 units, and 48 received 4,000 units of the antibiotic. The 56day weights of these pigs were 26.08, 29.02, 27.18, and 27.40 pounds, respectively. The treated pigs were significantly heavier than the unimplanted controls at this age. The differences
among the implanted pigs were not significant. However, the 1,000-unit level of treatment
apparently was more nearly optimum than the higher levels of implantation. The results of this
work tend to minimize the possibility that the action of bacitracin is entirely an intestinal
bacteriostatic action.

CHEMISTRY SECTION
Chairman:

Morton Dworshak, College of the Ozarks

0-1-19
Pharmaceutical Chemistry. R. 0. Bachmann, University of Arkansas.
Pharmaceutical chemistry undertakes to explain the chemical and physical principles involved in incompatibilities, stability, storage, and medicinal and pharmaceutical uses of inorganic and organic medicinal chemicals.
In the study of organic medicinal agents, the student
investigates relationships between chemical structure and activity. Pharmaceutical analysis
undertakes to explain the chemical and physical principles, procedures, and instrumentation involved in the analysis and standardization of crude drugs and refined medicinal agents from
plant and animal sources, prepared synthetically, and inorganic and organic medicinal agents
and preparations thereof.
C-2-20
Some Derivatives of Styrene. William K. Noyce, University of Arkansas.
Several compounds related to styrene have been under consideration in connection with
their use as intermediates for further synthetic work.
Among the new compounds that have been prepared are p-propoxy-/3-nitrostyrene, propyl
3-nitro-4-chlorocinnamate,
p-ethoxy-/5-methyl-/3-nitrostyrene and p-ethoxy-/3-methyl-/3-nitroAlso, 3-nitro-4-chlorocinnamic acid has been prepared by a new method.
styrene dibromide.
In certain cases, reactions which were successfully used in these syntheses have been
found to be unsatisfactory when applied to homologs of these compounds. Some of these anomalies are under study.
C-3-21
W. J. Wheeler, University of Arkansas.
Application of Glass Blowing to Scientific Research.
Custom-made glassware is an important factor in the expansion of laboratories and scientific research.
The unique physical and chemical properties of glass adapt it to experimentation. Production of glassware has evolved with research techniques. Complex, specialized
apparatus has been developed as research has become specialized.
Cooperation between glass
workers and research workers permits large and complicated apparatus, especially designed for
specific problems, to be built quickly and easily.
C-5-23
Abnormal Surface Energies Exhibited by Atomized Sodium Chloride. E. D. Jones, D. S. Burgess
and E. S. Amis, University of Arkansas.
Sodium chloride has been obtained in the form of spherical particles by wheel atomization.
Each particle is formed by the quenching of a molten droplet of sodium chloride at 800 °C.
These particles behave in a manner normally associated with a very high degree of subdivision.
This behavior is attributed to surface energy provided by a strained lattice.
Experimental procedures used for study of the phenomena include hygroscopici ty measurement, measurement of EMF of concentration cells, calorimetry of heats of solution, and radioisotope tracing procedures. The experimental work is described.
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C-8-26
Chicken Feathers as the Basis of a New Arkansas Industry. Art W. McCloy, University of Arkansas.
Growth of the broiler industry in Arkansas has brought the problem of disposing of the
feathers. Current methods are both expensive and troublesome.
This investigation sought new
A feather still was designed to separate the soft, fluffy feathers from
uses for the feathers.
The lighter feathers were used to make pillows and cold weather
the stiff, heavy feathers.
The semi-heavy feathers were processed and the fine, lace-like parts of the feathers
garments.
were added to the lighter fraction. The stems were added to the rougher fraction, which was
heated with lime under pressure to produce a nitrogen-rich fertilizer.
C-9-27
The Effects of Pressure on Heat Transfer Through Fabrics and Quilted Material. William G.
Roberts, University of Arkansas.
Several fabrics of different weaves and materials were tested for heat transmission in an
Varying pressures were
apparatus in which the temperature was kept constant by boiling water.
exerted on each sample and the results were plotted as Btu' s per hour passed through the sample
per degree F per square foot vs. pressure in pounds per square inch.
The plots indicate that for each type of fabric (except hard felts) there is a critical
pressure at which the heat transmission of the cloth is greatly accelerated.
An attempt was made to correlate the test results with fabric weave, fiber, density, and
other factors and to correlate the results of laboratory testing with results obtained on the
same fabrics in wearing tests on the "Metal Man" of the University of Arkansas, used to determine warmth of clothing under a wide variety of weather and wearing conditions.
C-10-28
Simultaneous Spec tropho tome trie Determination of Iron (III) and Iron (II) with Orthophenanthro1ine. John A. Smart and Aubrey E. Harvey, University of Arkansas.
The red complex of Iron (II) and or thophenan thro line is customarily used to determine this
element. It has been observed that the blue oxidation product of the red complex changes on
standing to a yellow complex. The yellow complex may be formed directly by adding orthophenanthroline to a solution containing ferric ions. Absorption curves for the ferrous and ferric
complexes show the extinction coefficients to be equal at a wave length of 392 mju. A method is
proposed here for determining ferric and ferrous ions in the same solution by means of the
orthophenanthroline complexes. Extinction measurements at 392 np- are plotted against total ion
to give the first standard curve. A second standard curve of extinction against concentration
of Iron (II) is obtained at a wave length of 512 m/J.. Thus, concentration of Iron (II) is determined directly, and concentration of Iron (III) is obtained by subtraction.
C- 11-29
Undergraduate Inorganic Chemistry. Robert W. Rowden, University of Arkansas.
The structural approach appears to be best adapted to a college course in inorganic chemistry. In addition to providing a brief introduction to spectroscopy, quantum mechanics, and
nuclear chemistry, itleads directly into periodicity, inorganic complex compounds (including
nomenclature), stereochemistry, and acid-base theories.
Descriptive work on the transition
elements, rare earth elements, and selected non-metals (the halogens) would be profitable.
GEOLOGY SECTION
Chairman:

N. F. Williams, Arkansas Resources
and Development Commission

G-5-34
Recently-recognized Details of Geologic Structure at Hot Springs, Arkansas. Robert H. Arndt
and Raymond B. Strond, University of Arkansas.
Aerial photographs and field mapping reveal structural discontinuties on North Mountain
and Hot Springs Mountain. North Mountain is partly the overturned limb of a large anticline.
Itis supported by massive Arkansas novaculite and Hot Springs sandstone.
Truncation of the
outcrop of the Hot Springs sandstone in the syncline which lies between North Mountain and Hot
Springs Mountain indicates the beds are faulted. Intensely fractured and sheared zones in the
massive Arkansas novaculite possibly represent the trace of faulting where it passes into
novaculite.
At least one, and possibly three, major faults may exist in the area which includes portions of North Mountain, Hot Springs Mountain, and Indian Mountain. The faults are classified
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tentatively either as stretch thrusts or as break thrusts, the overthrust part of which moved
However, it is possible that some faults may be high-angle reverse
toward the southeast.
faults in which the southeastern wall forms the hanging wall.

G-7-36
Distribution of Radioactivity in Uranium- bearing rocks from Potash Sulphur Springs, Garland
County, Arkansas. James W. Baxter, University of Arkansas.
Small but appreciable quanities of uranium are associated with the syenitic igneous rocks
of the Potash Sulphur Springs complex. Radiometric studies of crushed and sieve-sized fractions of the rocks indicate the finer sieve fractions are, in general, somewhat more radioactive. One series of sieve fractions was separated into fractions of different specific
gravity. The heavier fractions are more radioactive. Autoradiographic studies show the activity of the individual grains and the nature of the spatial distribution of the radioactive
minerals in the rock. The activity of the individual grains is recognized after 15 to 20 days'
exposure of grains trapped on water-softened, alpha- sensitive nuclear track plates. The spatial distribution of the radioactive minerals in the rock is determined by exposing thin sections of rock material to alpha-beta sensitive nuclear track stripping film.
HISTORY AND POLITICAL SCIENCES SECTION
Chairman:

Georg G. Iggers, Philander Smith College

HP-1-38
"Automatic" Reapportionment for the Arkansas General Assembly. Franklin M. Bridge, University
of Arkansas.
With the reapportioning and redistricting of the 35 seats in the Arkansas State Senate by
the Supreme Court of the State, Arkansas has found a way to solve one of the most persistent
problems of state government. After 36 years in which the legislature failed to obey the constitutional mandate to redistrict and reapportion its seats after each national census, the
people of the state, in 1936, by an initiated amendment, divested the legislature of the power
to do so. Amendment 23 lodges the duty to reapportion and redistrict legislative seats in a
Board of Apportionment made up of the Governor, Secretary of State, and Attorney General, but
the real "teeth" of the amendment lie in the provision that the Supreme Court may, on petition
of any citizen, mandamus the Board to act if it fails to do so, or the Court may itself reapportion and redistrict the State.
Amendment 23 has operated effectively: twice after the census of 1940 and again after
that of 1950. Changes were fought bitterly in both cases on personal and political grounds.
Although in both cases the reapportionment and redistricting was accomplished in part by action
of the Board of Apportionment, there can be little doubt that if the function had been left to
elective officers of the executive branch alone, the problem would not have been solved adequately. In both instances of application of Amendment 23, it was either direct Supreme Court
action or the threat of it which produced results. While it may be argued that the reapportioning and redistricting of legislative seats is not properly a judicial function, the conclusion is inescapable that the people of Arkansas, by using the Supreme Court for that purpose, have found a way to solve a most difficult governmental problem.
HP- 2- 39
The Threat and the Promise of Power Politics. Ralph G. Jones, University of Arkansas.
This article attempts a re- examination of the power relationships of the twentieth century and a reassessment
of America's position in its era of Western leadership. Its basic premise is that while political and economic power came to Europe during the nineteenth century,
political power--and political power only--has come to Asia and Africa in the twentieth century. The United States, as the de facto leader of the Western bloc, must seek to understand,
direct, and control this new power in the East, and to aid in its implementation with economic
power. Americans must face the fact that revolutions on at least two continents are already
upon us. Itremains to be seen whether the United States can and will influence the course of
these revolutions.
Assumption of Western leadership by the United States involves more than a superficial
" It involves a reconsideration of fundamental
change from "isolationism" to "internationalism.
principles and practices regarding power itself. Itis suggested that American experience- -and
this experience is based on unquestioned successes in the nineteenth century--has tended toward
the neutralization of power. Examples from both the political and the economic spheres will be
put forward.
Americans must face the responsibility of power--and face it not by trying to
neutralize power in Asia and Africa, but by trying to channel it into responsible hands.
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PHYSICS SECTION
Chairman:

M. L. Lawson, Arkansas State College

P-i-46
Interferometric Determination of the Magnetostriction Constant of Bar-shaped Samples. Z. V.
Harvalik, University of Arkansas.
An interferometer, which permits the measurement of the magnetostriction constant of various bar-shaped materials, is described.
The interferometer consists of one optical flat attached to the specimen, and of another optical flat separated by an air-gap from the specimen
flat. The shift of the interference lines in measured with a measuring microscope. Considering the wave length of the light (sodium vapor lamp as source) used to produce the interference
lines, the magnitude of elongation or striction of the specimen can be calculated and correlated to the magnetic flux intensities in the bar. The magnetic flux is produced inside of a
coil electrically, into which the specimen bar is inserted.
P-2-U7
A Low Thermal Capacity Thermocouple by Evaporation Methods. R. W. Raible and R. M. Pierson,
University of Arkansas.
A thermocouple made by evaporation of metal films on thin substrates is described and
construction details are given.
Sensitivity curves (thermal E.M.F. vs. source temperature) and response times to thermal
equilibrium are given for various combinations of metals.
P-3-48
Diffusion Cloud Chamber. B. J. Good, University of Arkansas.
A downward diffusion cloud chamber is discussed and is demonstrated.
This chamber is
approximately 6 inches high and has a diameter of 11 inches. A porous ceiling saturated with a
liquid acts as the vapor source. The temperature at the top of the chamber may be varied by
the use of a resistive- type heating element. The bottom is placed in direct contact with dry
ice. Variation of the two temperatures defines the necessary temperature gradient and allows
some flexibility of operation.
P-4-49
Alpha- ray Spectrometer for Determination of Radioactive Gases. P. E. Damon and H. I. Hyde,
University of Arkansas.
A scintillation-counter alpha-ray spectrometer is being developed for the determination of
the radioactive gases thoron, radon, and actinon. The instrument consists of a hermeticallysealed chamber, 'lined with zinc sulfide phosphor, except for a lucite window at one end through
which the chamber is viewed by an HCA 5819 photomultiplier tube. After evacuating the counting
chamber, a flask containing a water sample and its associated gases is opened to the system,
An alpha particle emitted by a radioallowing the accumulated gases to enter the chamber.
active gas atom will strike the zinc sulfide phosphor with little ionization in transit. Its
kinetic energy will be converted into a proportional number of light quanta. These, in turn,
will produce photoelectrons at the cathode of the photomultiplier. These electrons are multiplied by secondary emission in the photomultiplier tube, and amplified by a linear amplifier.
To separate the respective energy lines of radon, thoron, and actinon, a differential discriminator will be employed. The decay of the energy interval corresponding to each of the
short-lived gases, actinon (T 1/2
4 seconds), and thoron (T 1/2
54 seconds), will be observed. An analysis of the decay curves provides an accurate estimate of the initial content.
The relatively long-lived radon (T 1/2 =3.8 days) can be determined from the intensity of its
radiation, because its half life is long compared with the time necessary for its measurement.
P-6-51
A Simple Laboratory Thermoelectric Pyrometer. R. M. Pierson and B. S. Garrett, University of
Arkansas.
A thermoelectric pyrometer originally was constructed for measuring surface temperatures
but it is especially suited for laboratory experiment or demonstration purposes.
Its principal
asset is simplicity of construction, the components consisting of materials usually found in
general physics laboratory or obtainable at low cost.
Method of construction is given and response curves of thermocouple E.M.F. vs. source
couple.
temperature are discussed for a copper-constantan
Response time to equilibrium is of the order of 30 seconds and the average thermal E.M.F.
per 100^C source temperature is 60 microvolts when the source-mirror distance is 7.25 inches.
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P-7-52

Preparation and Properties of Lead Sulfide Layers. J. A. Doughty, University of Arkansas.
Mirror-like layers of PbS can be precipitated chemically on nonconducting substrates by
the method reported by Van Pick [Ann. Phys., 126:12 (1949)]. Modifications of this method have
resulted in satisfactory deposition of PbS on a substrate of copper. Techniques of cleaning
substrates for deposition of thin films by evaporation or chemical means are reported.
Temperature-conductivity curves of PbS layers show characteristic "plateaus" or reversals
of conductivity at temperatures of 290 to 320°F. This effect is explained in terms of moisture
content.

P-8-53
Artificial Reverberation Generator.
C. C. Allen and J. P. Decker, University of Arkansas.
Artificial reverberation is produced by means of a tape recorder with one recording head
and two play-back heads. The delay and attenuation of sound, similar to that caused by sound
waves in air transversing a room from wall to wall, is accomplished by the delay between the
recording and pickup on the tape and a fixed attenuation of the signal before it is fed back
each time to mix with the recording signal. This equipment makes experimental work in reverberation time convenient because of the ease with which the time can be changed.
SCIENCE EDUCATION SECTION
Chairman:

Miss Marie Easterwood,

Arkansas State College

SE-1-58
The Use of MKS Units in Elementary Physics Instruction. L. B. Ham, University of Arkansas.
In the past 10 years, the Giorgi (mks) system of units has become increasingly important
and was adopted officially in January, 1948. Electrical standards are now based on the absolute practical system which replaces the older international units. The introduction of this
system brings about a second approach to the study of electricity and magnetism.
The two
approaches, both being valid, are (1) teaching of magnetism by the traditional magnetic pole
concept and (2) teaching the Amperian current method whereby magnetic fields are referred to
electric currents of one kind or another.
Coulomb's law, with reference to charges and magnetic poles, is fundamental in the traditional approach; in the mks system, Coulomb's law with reference to charges and Ampere's law
are fundamental.
The liberal arts type of physics text has worked little with the mks units. Some texts
no more than merely mention the new system. Many of the technical and engineering physics
texts are using the mks system with rationalization of the units in the section on electricity
and magnetism.
Certain new teaching problems are encountered with the introduction of the mks units;
these will be discussed in keeping with the following numbered items: (1) use of mks units in
(2) elimination of certain other
divisions of physics other than electricity and magnetism;
(3) sequence of topical matter in electricity and magnetism;
(4) extent of
systems of units;
minimizing the old concept involving H; (5) fourth unit; (6) rationalization;
and (7) dual
approach to a system of units defined on the one hand for theoretical considerations and on the
other for actual measurement purposes.
SE-2-59
What is the Role of Biology in Modern Education? Joseph F. Maries, University of Arkansas.
In order to determine the role of biology in modern education, the objective of a beginning course in biology must first be established.
This objective should be the same for the
student who will not have another science course in his curriculum as for the biology major.
As the scope of the objective is limited by the means of fulfillment, the main problem is to
determine the best approach in the presenting the course.
First, the source of the vast accumulated data will be considered, then the dynamic pattern involved will be closely scrutinized.
This is important because all future endeavor will
follow this same pattern.
The other approach to this problem will be to show that, as the science of biology is not
confined to narrow limits, points of interest can be established in numerous instances of reference for teaching purposes.
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SE-3-60
Report on the Pilot Course "Pattern of the Physical Sciences.

Arkansas.
The pilot course, "Pattern of the Physical Sciences.
kansas, was repeated during the 1951-1952 school year.

"

"

Z. V. Harvalik, University of

offered

at

the University of Ar-

Itappears that the "spectral-line" approach of this course achieves a better understanding of the physical sciences than does the conventional "survey- type" course because of
deeper penetration into the discussion topics. This seems to prove the assumption that transfer from a subject matter to general areas of human endeavor is possible only if a certain
depth of understanding of the subject matter problems is achieved.
SE-U-61
Arithmetic for the Scientist and for the Common Man, or Death and Transfiguration of Grocerystore Arithmetic. B. H. Gundlach, University of Arkansas.
At the outset of the discussion the question is raised: What general attitudes should be
cultivated in students who, later or simultaneously, have to take one or more courses in the
various sciences?
Certain of such basic attitudes are listed and discussed.
light
In the
of these listed attitudes, our present approach to the teaching of arithmetic
and fundamental mathematics, in general, is analyzed and shown deficient. Its likewise obvious
deficiency for the purposes of the nonscientific professional is highlighted by a number of
recent

public statements.

An alternative approach of an entirely new character then is presented and illustrated in
several examples. Itis emphasized here that the proposed new approach possesses not only the
generally-desirable features of creativeness and enjoyment, but likewise satisfies all of the
listed attitudes for the science student.
A brief outline of the main points in the development of the present grocery-store type of
approach to arithmetic is followed by several concrete suggestions which lead to transformations of the "classical" methods into forms which, in a natural way, produce that kind of
number handling and number familiarity which generally is recognized as a pium desiderium.
SOCIOLOGY SECTION
Chairman:

M. J. Daniels, Arkansas Polytechnic College

S-l-62
The Probable Causes of Religious Apathy in our Institutions of Higher Learning, and the Proposal of a New Naturalism. George G. M. James, Agricultural, Mechanical, and Normal College.
Apathy to religion is treated as a complex effect. In order to determine the effect, an
a priori approach is used, by means of which a study is made of the role of religion through
the centuries, in order to discover religious error and policy, and to measure the gradual and
commulative apathy. A New Naturalism is recommended as the remedy, because it offers nature as
a universal Bible, and the study of natural principles for the revelation of religious truths.
S-2-63
Progress Report on a Quantitative Study in the Sociology of Knowledge. Franz Adler, University
of Arkansas.
The actual relationship of cultures in which epistemological thinking occurs to the type
of such thinking were investigated.
The philosophical implications of such relationships were
disregarded.

The investigation was carried out by measuring certain characteristics of historical periods and by measuring correspondence to epistomological types, and by correlating the data, appropriately paired, by the usual techniques of correlation. The measurements were carried out
by submitting historical periods to the judgment of historical experts and by submitting thinkers to the judgment of philosophical or sociological experts. The percentages of judges replying in any given manner were considered as indirect measures of correspondence to a given characteristic.
Some hypotheses of relationships were derived from the results obtained. These hypotheses
were further verified and it was found that they deserved some confidence.
S-3-64
Some Anthropological Evidence Regarding the Possibility of Greater Social Control in the Economy of the Future. Paul F. Tjensvold, Arkansas Polytechnic College.
Recent interest in economic planning has caused a revival of interest in economic motivation, largely because it is not clear how there is to be coordination between activities of
individual enterprises ifeach is guided solely by a desire for profits.
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The most notable trait of primitive cultures is the diversity of ways in which they differ. Some seem to emphasize competition and acquisition. The Manus, in particular, accept
competitive adult standards at maturity. Other peoples have emphasized nonaggressive activities. Some tribes seem to be motivated by acquisitive cultural patterns, although analysis
shows that group approval is sought. However, primitive peoples commonly will not respond to
new or unusual economic incentives.
The meaning of this appears to be: Any new system of
economic planning must be instituted at the adult level; each economic system will develop its
own kind of human nature; during transitional stages, older forms of economic motivation may
be useful; probably some forms of motivation, such as excessive competition, raise problems
wherever used; and original human nature is not a limiting factor.
S-4-65
A Comparative Analysis of the Contributions of Emil Durkheim and His Contemporaries to Social
Theory. J. E. Blackwell, Shorter College.
Emil Durkheim' s contributions surpass those of Tarde, Le Bon, and Le Play, mainly because
of his objective and pragmatic approach to the development of social thought.
Though disagreeing with much of the social philosophy of Comte and Montesquieu, his studies indicate the influence of their tradition.
Relative to his contemporaries, Durkheim opposes Tarde more so than he does Le Bon and
Le Play. For Tarde, " being influenced by Espinas, Hegel, and Cournot, defined social fact in
terms of "imitation, and produced a theory of social interaction which is directly opposed to
Durkheim s "Collective Representations." Tarde thought of Durkheim as being too "doctrinaire,"
" The four of them were directly influenced by
and Durkheim of Tarde as being too "subjective.
France's political and social ills, as evidenced in their works.
Durkheim' s eminence rests upon his superior empirical approach to research, his amazing
ability to coordinate research, and his exceptional powers as a teacher.
1
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OPERATION INFINITY
RUSSELL S. POOR

National Science Foundation, on leave from
Oak Ridge Institute of Nuclear Studies
INTRODUCTION

students of science, and amateur scientists here--as elsewhere--we occupy an anomalous position in the world today.
Scientists have created situations and things which can save the world and
greatly improve it, but by the same token these same things are capable of destroying the world. The anomaly is that scientists, in working for good ends,
now find themselves among the victims of many adverse results.
Be that as it
did not come here tonight to discuss this problem per se, but what Ihave
may, I
to say does have a direct bearing upon it. Actually, Ido not wish to raise a
question so political or so ponderous, nor one of such international flavor. I
believe we can afford to think for a few minutes about something fundamental,
something simple and very" much with us.
things. Of shoes
"The time has come, the Walrus said, "to speak of many
"
Irefer to science
and ships and sealing wax, and of cabbages and kings.
teachers and students, without any immediate interest as to which of these is
"cabbage" or which is "king." Rather, suffice it to say that each is important.
Certainly you, as teachers of science, are not gathered at this time and
have my ideas on these points
place to hear me tell you how or what to teach.
I
but you wouldn't appreciate them, I'm sure. For some reason, this consideration
reminds me of the story about an Agricultural Extension Service worker who
visited a farmer who was cultivating his crop of peanuts.
Said he, My friend,
you are doing this work rather crudely and with far too much expenditure of
effort. If you will follow directions as they are printed in this bulletin you
will not only conserve your energy but you willreceive a better yield from your
crop." To which the farmer slowly replied, "Naw, thank you. I
don't need no
bulletin or no advice, 'cause I
ain't doin' half as well as Ialready know how
anyway." No, you don't want me to give you advice (although I
have a lot of it
in a completely unused condition), but we might all ask ourselves whether we are
now really "doin' half as well as we already know how anyway."
What are some of the goals of teaching--science teaching in particular?
The pay check? The relatively easy life? Love of leisure time? Lack of ambiGood living conditions? Good place to raise and
tion? Pleasant surroundings?
educate a family? Interest in subject matter we are teaching?
Interest in
young people?
Character building? Lack of strict supervision? Respectability
in the community? Others? What are the drives that motivate a really good
teacher? Perhaps it is easier to get an answer by looking closely at those
Ah, there's
teachers who are not so successful.
What do we mean by success?
the rub!" What are we driving toward? Is it to teach subject matter? Gain
personal happiness?
Each of us might have a different answer to these questions, but all willagree, Ibelieve, that the real goal of teaching lies outside ourselves.
Its focus is society--better educated young people make better
citizens, a better country, and a better world. So, we must conclude, the
unsuccessful
teacher does not contribute his or her full share to this most
To put it crudely, any school, college, or univerimportant of all processes.
sity is, in last analysis, a manufacturing plant and students are its products.
Poor machinery, poor management, and poor labor in the plant yield poor products.
Of course, the quality of the raw material brought to the plant also is
important. Here the circle begins to close--better school products yield better
raw material, so on ad infinitum-- Operation Infinity." Well, this carries the
analogy far enough.
As the links in this chain of events become stronger,
everything improves all along the line.
Let us draw the focus a little sharper.
As scientists,

teachers of science,
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THE PROBLEM

The heart of the problem which Iwish to discuss briefly is the shortage
("Man" in the generic sense!)
of scientific manpower in the United States.
It
is the most important problem of education when viewed in the light of present
world conditions.
Not for one moment do Imean to imply that manpower in the
humanities and in the social studies is not important. In fact, one could give
good argument

for the overriding importance

of these fields, but that is another

story.

Under conditions of cold war economy (which most prognosticators predict
will be with us for the next 10-20 years), the over-all need for trained personnel is perhaps greater than it would be under full-scale mobilization. This
results from a 'guns and butter' economy in which the country attempts to keep

the civilian economy as nearly normal as possible, while at the same time it
carries the burden of a huge defense program.
Under full mobilization much
civilian production would be curtailed or suspended, releasing trained personnel
for the war effort.
Statistics are often dull, but worse than that they are just as often misleading when removed from context. Dr. George R. Harrison, Dean of Science at
M. I.T. , o.n March 12, presented a famous case in point in an address before the
American Academy of Arts and Sciences on The Role of the Secondary School in the
In March of 1951 the Bureau of Labor Statistics estimated
T eaching of Science
that from 70,000 to 105,000 first-year college students are needed each year to
enroll in scientific curricula, including engineering.
Thus, the 25,000 secondary schools should be turning out about 100,000 graduates a year oriented toward
science.
Out of a total of
They actually turn out less than half that number.
about 1,600,000 secondary- school graduates per year, 300,000 or some 20 per cent
enter colleges, but of these not more than one out of five or six makes science
Allowing for 50 per cent depreciation in college, we
or mathematics
a career.
see that not more than one high-school graduate out of 50 becomes a scientist or
a mathemetician of any sort." Dean Harrison asks, "Why is this?" He lists some
possible answers as follows: "One immediate reason is that only about 6 per
cent of secondary school teachers teach science, and of this number many are not
trained as science teachers.
Another [reason] is the plentiful job situation at
high pay for high-school graduates, so that many who might go into science and
engineering take immediate jobs in industry. The most common scapegoat is the
poor old Bureau of Labor Statistics, which had the misfortune to announce some
Some high-school
years ago that the engineering field was becoming overcrowded.
teachers undoubtedly are still affected by this pronouncement in their counselling of students, but I[Dean Harrison] am inclined to agree with Fletcher
Watson of Harvard, who feels that the present lack of science candidates is
mainly the result of having the good science teachers in the secondary schools
drawn away from teaching during the war years, so that the pupils in these
schools did not come in contact with teachers who were really interested in
their subjects, but were taught science by teachers whor.e main interests lay in
other fields. Unfortunately, there appear also to be long-term trends in this
direction which bear little relation to the emergency.
Dean Harrison, following Fletcher Watson, has undoubtedly voiced an important factor of influence in the current shortage of scientific personnel, but if
you will look at the trend in all fields as well as the sciences and engineering
All fields, with minor exceptions, sufyou will find a striking parallelism.
fered the same changes. The point is that one obtains a distorted picture when
he views only one isolated statistic.
Itis true that industry,
This, however, does not lessen the problem.
quite apart from the present emergency, requires 20,000 to 40,000 new engineers
a year. About 25,000 will be graduated this year (1952), but the falling off in
enrollments indicates that we will reach a low point of about 15,000 per year 5
Much more serious shortages
of
years from now, and, according to Dean Harrison,
"
Yet many
engineers than the present one can be expected in the next decade.
counsellors in high school and some in colleges still advise their students that
there is an excess of engineers.

.

National Science Foundation, First Annual Report, 1950-51, p. 19
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During the past 12 years chemical industries have quadrupled, while the
member of chemists and chemical engineers has not even doubled in that time.
Similar facts and proportional figures can be given for most sciences. These
facts are disturbing and they may be devastating- -ul timately. As isolated
facts, separated from those about other fields, they do present, however, a distorted view.
We are entering, or have entered, a time when there is an increased competition for highly trained minds in all fields. Science shortages are acute and
serious but they certainly are not the only shortages.
The population of this
During this time students specountry has increased 60 per cent since 1900.
cializing in science and engineering have increased 700 per cent, but during the
same period the number specializing in modern languages has grown 800 per cent.
In 1890 only 7 per cent of our youth attended high schools; today the percentage
is 80. In 1890 the percentage of high school graduates going to college was
around 2; today it is nearly 20.
Critics of our high schools are legion and the cited causes of their difficulties are equally numerous-- underpaid teachers, poor teaching, schools of
education, state boards of education, city governments, parents, progressive
education--and many more, all indicating deterioration. We have all heard this
as far back as we can remember, and strangely enough ithas always been so--in
varying degrees.
Nevertheless, during this period our high schools have turned
out the brightest and best trained students ever known and they have also graduated some of the most poorly trained.
This paradox is a matter of numbers and
distribution.
Why have Ibrought all of this high school material into this discussion?
Because our high schools train our future college students, the well-spring
of future scientists and some of our college graduates will be high-school
teachers.
So to summarize, our problem as teachers of science, research scientists,
and science administrators is to do all within our power to meet fairly the competition for manpower and to do all we can do to meet the ever-mounting demand.

WAYS OF SOLVING THE PROBLEM
The problem for scientists is clear, but we get relatively little sympathy
from other knowledge groups because they too have similar, although we believe

less acutely-threatening, problems.
Reduced to its simplest terms, the obvious
answer is obtained by putting more persons in the educational stream at the
source if we desire to have more trained people at the end of the stream. But
this is the real nub of the difficulty.
to
How can we interest more than 20 per cent of our eligible youngsters
college after high school?
Should we double this figure, or increase it
still more, even if we could? No one knows, but most of us will agree, Isuppose, that to have twice as many college graduates as we now have would do no
At any
great harm--and it should, theoretically at least, do considerable good.
rate, that's what we're clamoring for. Now, I
suppose it follows that in this
event we would eventually have twice--three times--as many Ph. D's. as now and
I'm not sure that we could take that! But even that is not too bad a goal.
The big question is "How?" How will we increase the percentage of college
science graduates even one per cent, much less 20, other than to rely upon popuIn other words, how can we proselyte from other fields, since
lation increase?
the population-increase curve is too slow to meet present needs?
Briefly, the answer is get 'em young, treat 'em right, and tell 'em everything, to paraphrase an old addage.
Here again we come back to good teaching
"
and counselling at all levels.
A good teacher should "know his stuff, as the
boys say, and he or she should have interest, drive, and personality enough to
Surprisingly small events sometimes have changed the entire
put it across.
course of our lives. A recent study reported by Professor G. W. Stewart (Physics, University of Iowa) in the February, 1952, Journal of Higher Education,
(p. 75) says that 94 per cent of 72 distinguished graduates of the University of
Iowa declared that teachers played an outstanding part in their accomplishments.
In answer to:
What about them influenced you most? there were 3 categories:
the majority said personality, second high was manner of teaching,
the third
enter
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"interest in students.
of subject-matter" as

"

Interestingly enough, only 6 per cent credited "mastery
factor of influence.
Yet several of the
graduates came from professional colleges.
Dr. Stewart reports his own questioning of 12 distinguished members of the
National Academy of Science
" regarding "the most easily identifiable turning
point in [their] careers.
Each scientist indicated some "turning point remembered wholly as occasions of self-discovery in connection with science." (1) A
physical chemist, while expressing appreciation for a college teacher of botany,
attached greatest significance to a 6th grade teacher of history who showed him
that he could understand an assignment by reading it just once." This discovery
(2) A physicist was
led to a habit that was invaluable in his study of science.
angered by the fact that he failed to pass his first college course in physics.
This made him drive through the course a second time and taught him a lasting
lesson. (3) A chemist thought his first elementary course in chemistry was a
ghastly subject,
but was captivated by chemistry when a teacher helped him see
what just one element, copper, could actually do. (4) A president of a leading
institute of technology discovered himself when, without mental brilliance, he
realized that he was really making progress.
This encouraged him to continue.
( 5) A Canadian physicist found his turning point in the event when he received a
college.
(6) A theoretical physicist was
contest prize in his undergraduate
made to realize that the solution of mathematical problems was relatively easy.
(7) One physicist doubted the truth of a textbook statement and set up an experiment to prove his point. (8) Another physicist at about 7 years of age "discovered" independently the principle of the siphon. (9) One of the most distinguished physicists said an accidental assignment to teach preparatory physics
(10) The head of a large industurned him from physical education to physics.
trial laboratory says much of his success resulted from the opportunity given
Actually he ruined the
him by his teacher to perfect a piece of apparatus.
apparatus, but then he felt the obligation to analyze his error and this was his
(11) An industrial physicist
real turning point.
His teacher gave him rein.
entered engineering school against the advice of his high-school principal, and
during his first semester discovered that it was not too difficult to make good
marks.
This self-discovery shaped his life. (12) One famous research scienThe teacher
tist, as a sophomore, asked his teacher a question in pharmacology.
said he could not answer it and doubted that it could be answered by anyone at
that time, but he invited the student to work on the problem with him during the
summer.
This experience with an understanding teacher turned his life into one
of great research accomplishment.
Thus, we see that relatively small events
often "make" good scientists.
Dr. Stewart says that teachers who can assist
students in ways such as those cited is a real catylyst in the educational
reaction.
In The Education of Henry Adams, we read:
"A teacher affects eternity; he
can never tell where his influence stops." This Isubmit is Operation Infinity.
an important

LOCAL RESPONSIBILITY AND OPPORTUNITY
The problem of scientific manpower scarcity is a national problem and,
thus, each and every one of us must bear our share of the responsibility for
Every responsibility creates its own
doing what we can to remedy the situation.
area of opportunity.
Certainly, the State of Arkansas has always met its share
The present urgent need for more
and more of the nation's emergency demands.
well-trained scientists should certainly strike a responsive chord in Arkansas
and the advanced echelon of the attack on this problem resides in those here and
others with interest represented by the Arkansas Academy of Science.
This Academy, founded in 1917, is one of the older state academies.
Ihave examined Volume TV of the Arkansas Academy Proceedings for 1951, and
in this attractive publication Ifind ample evidence of a diversified research
interest.
This is an expensive publication and its real value depends on the
use to which it is adapted.
May Isuggest that its pages could be devoted to
better use if most, if not all, of the technical papers were published only in
abstract form in Part Iand a Part IIbe added which would be devoted to the
in high school (a Junior Academy Report) and
work of young scientists—students
perhaps in undergraduate colleges.
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Arkansas has made a creditable beginning on scientific matters for youth.
You have 98 high-school science clubs affiliated with Science Clubs of America.
This year a student in North Little Rock High School received Honorable Mention
in the Eleventh Annual National Science Talent Search. John A. Doughty did
a good job on this program.
Only 37 states had Science Talent Search winners in
the Honorable Mention category this year. In 1951 only 17 states received one
or more Honorable Mentions.

Twelve students whose home address is in Arkansas applied for National
Science Foundation Predoctoral Graduate Fellowships this year. In competition

with more than 3,100 applicants from every state in the union two of these
applicants were awarded fellowships. They are Bowman S. Garrett of Springdale,
Arkansas, a student of chemistry at Louisiana State University, and Robert J.
Mackin, Jr., of Little Rock, a student of physics at California Institute of
Technology.
These examples of attainment on the high-school and college levels indicate
to me that good basic training in science is available in many places in Arkansas.

Do you, as Academy members, as an organized unit of scientists, desire
a worthy objective for 1953 and succeeding years?
Much better than a strictly
scientific project--a river valley study as the Virginia Academy did, a marine
biological station as the Mississippi Academy established--nothing of this kind
can compare with the importance of the cause of young scientists in this state.

If this body would throw the weight of its talent and its prestige behind the
Science Club Movement, already so well started (98 clubs), and make a conscientious, well-organized effort to obtain more entries in the National Science
Talent Search, there is every reason to believe that you could get a national
winner. This would bring more legitimate national honor to the State and its
It would make a
science teachers than any single effort the Academy can make.
larger contribution to the scientific prestige of Arkansas than all the research

This is certainly not intended to be a derogatory
reported in your Proceedings.
In 1952, Arkansas entered the Science Talent Search program and you
statement.
had an Honorable Mention. From this beginning, this Academy could organize
Arkansas
a real program--if you really want to help your nation and yourselves.
should have an Annual State Science Fair, probably in Little Rock as a central
location. One or more city newspapers could sponsor the idea as city dailies

have done in many states.
Then you could have an entry in the National Science
Fair for 1953 or 1954. These programs are well organized on a national basis
The
through Science Service and much has been done to assist local groups.
Arkansas Academy should set up a state organization to really help these 98
teachers who sponsor Science Clubs throughout the state--and twice that number
of clubs probably could be developed.
The results reported in other states
indicate that there has been a revitalization of science education on all levels
when university and college scientists join with high-school science teachers in
these programs.
Don't believe for a moment that this work is elementary and
therefore below your scientific dignity. Young people in high schools today-many of them--are far better informed on science than a lot of oldsters who were
coming out of college, and even graduate school, 20 to 25 years ago. It's the
obvious result of our improved communication methods and our general advance in
matters scientific. America is casting off its scientific swaddling clothes and
is emerging into scientific maturity.
A second goal for this Academy is an organized membership drive with a program styled to interest new groups.
A. C. Bevan, 2 in discussing the Modern
State Academy of Science in Cleveland in 1951, directed attention to many things
being done by progressive academies and he clearly designated activities appropriate for Academy undertaking.
Uppermost among these suggestions were provisions for several membership categories:
(1) professional scientists, (2) highschool science teachers, (3) graduate students, (4) college and university
(5) high-school students, (6) science amateurs,
and (7) laymen
undergraduates,
who wish to keep abreast of scientific developments.
Dr. Bevan describes each
of these categories and cites academies which are developing these opportunities.
As you would expect, these academies are in the states that win the Science Tal2 Revan, A. C.

(October, 1951).

, A Modern

State Academy of Science,
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ent Search awards, but (this is important!) some of these states just recently
have entered the winning column as a direct result of academy effort. Dr. R. A.
Millikan,3 Nobel Prize-winning physicist at California Institute of Technology,

recently said, "The key to the future of America clearly lies in the secondary
school because it is the only American institution that now reaches practically
Bevan used this quotation from Millikan and
the whole oncoming generation."
added, "Here is a challenging opportunity for a modern state academy of science.

I
hope you science

teachers

in the universities,

the colleges,

and the high

schools of Arkansas willtake this challenge seriously. There are dozens of
laymen who will help you with their time and their money if you organize along
this line and show them that you really mean business.
Scientists and science
teachers must take the lead.
Truly, "A teacher affects eternity, he can never tell where his influence

stops."

This is indeed

3Millikan, R.

Operation Infinity.

A., The Autobiography

(1950).
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PAPERS PRESENTED AT THE THIRTY-SIXTH ANNUAL MEETING
Arkansas State College, Jonesboro
April 25-26, 1952

CATIONIC ACTIVITIES AND THE EXCHANGE PHENOMENA
OF PLANT ROOTS.

I. A PRELIMINARY

REPORT*

E. 0. McLEAN and F. E. BAKER

University of Arkansas
This probably is the first

attempt

to measure

the cationic

activities of

however, initial results confirm the possibility of such determinations. Results of studies of this nature give promise of adding to the
knowledge of plant nutrient uptake. This study is possible only as a result of
the coming together of three different streams of research which, until re-

plant

roots;

The first of
cently, were not intentionally considered very closely related.
these branches of research, analogous to the upper tributary to a main stream,
began slightly more than a century ago with the classical experiments of H. S.
Thompson (27) which were extended and confirmed soon thereafter by J. T. Way
(28). Liebig also made some contribution to this early work (10). These studies demonstrated beyond any doubt that soils have a capacity to hold and to exchange cations on an equivalent basis.
Although these results were published,
they were lost to the average agronomist until their significance became more
appreciated some 3 or 4 decades ago. Without this capacity to adsorb nutrients
the problem of maintaining the fertility of the soil would be infinitely greater. Prior to the general recognition of this ability of the soil to hold nutrients in a more or less available form, total chemical analysis was considered
the best index of soil fertility. With the gradual rediscovery of the significance of the exchange mechanism, most soil chemists changed the emphasis of soil
fertility from one based upon the soil's total analysis to one based upon "available" or exchangeable nutrients. Not long thereafter soil chemists began
to recognize that not all of the exchangeable nutrients were equally available.
Leaching experiments showed that there were differences in the ease of release
of different cation species and also that the presence of a second cation affected the release of the first (6). Although this was not designated as such,
these were the first attempts to measure the activities of cations in soil
Up to that time research involving the exchange phenomena of soils had
systems.
dealt principally with determinations of the exchangeable cations present as
well as the exchange capacities of different soils.
The second and third research "contributaries" started much later than the
first. In fact, most of the investigations dealing with these phases have been
made within the past two decades.
The development of membrane electrodes for
measuring cationic activities will be considered first.
By means of pure chemical and physical arguments and certain assumptions,
both Planck and Henderson had arrived at similar equations for liquid junction
potentials. Theorell (26) and Meyer and Sievers (22), working independently,
took this liquid junction potential theory and developed it into a membrane
electrode theory by substituting for the simple liquid junction a charged membrane with its accompanying Donnan equilibrium. At this point Marshall (11)
attempted with some success to make charged membrane electrodes from zeolite
mineral crystals. Later, it was found that clay films, when heated, worked more
satisfactorily as cation electrodes (15). As the technique was perfected with

Acknowledgment is made to Mathieson Chemical Company for financial assistance
making these studies possible.

which is
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true solutions (15), (17), (20), (12), (13), (19), it also was found feasible to
measure cationic activities in clay and soil systems (16), (18), (20), (21),
(14), (1). Using different materials and different heating techniques, it was

possible to measure monovalent and divalent cations in mixed systems (25), (23),
(24). This permitted cation interactions such as would be found when lime and
fertilizers are applied to the soil. From the activities of the cations the
mean free bonding energies could be computed (14).
This gave quantitative
figures to the ease of release of cations from the exchange phenomena of the
soil.
Although this meant much in understanding nutrient availability, there
still was much to be learned about uptake by plants.
At the time that membrane electrodes were being perfected, a third research
stream was developing around the exchange mechanism of the plant root. That
plant roots have the ability to adsorb and release cations by exchange was perhaps first demonstrated by Jenny and co-workers (8), (9), (7), (3) in their
studies with barley roots. Later experimenters have determined that roots have
definite exchange capacities which are affected by plant species (4), (29), (2),
(5), temperature (5), age (5), and other influences.
In summarizing the historical "con tributaries" leading to the present
status of this stream of knowledge, it may be said that the research which
originally dealt only with the exchange mechanisms and adsorbed cations of soils
and clays was supplemented with research making use of the clay membrane electrodes as tools to throw more light upon the ease of release of the adsorbed
cations.
Now it appears that the exchange mechanism of plant roots has been
sufficiently demonstrated and characterized to warrant the use of the same tool
in an attempt to understand better the motive for nutrient uptake.
Experimental
Using the technique of Drake et al. (2), two gasses and two
legumes were grown in 1/5 Hoagland's solution.
The grasses were grown 50 days
and the legumes 30.
The solution was allowed to drip intermittently, with

.

occasional flushes with distilled water.

Crushed limestone was used to support
the plants.
Although some preliminary work has been done on the two grasses
(Reed Canary and red top) and the two legumes (Kansas common alfalfa and Ogden
soybean), due to difficulties in perfecting the technique and the time necessary
to grow the grasses, only the legume studies will be considered here.
The tops
and larger tap roots were cut from the root masses and discarded.
The roots
then were placed in collodion bags and placed in a Bradfield electrodialysis
cell for 90 minutes with a current not less than 0.3 ampere at 110 volts. A
few drops of HC1 were placed in the cell at the start of the dialysis to speed
After the dialysis the roots were washed with carbonated water
up the process.
and centrifuged for 5 minutes at 2,000 rpm. A 1.2-g sample of the centrifuged
roots was placed in a 100-ml beaker.
Enough NaOH, KQH, or Ca(OH)2 was added to
Because it was necessary
bring the pH up to 7 and maintain it for 10 minutes.
to keep constant the total volume of liquid added for the different bases and
plant roots, .02 N solutions of each of the bases were prepared and enough water
was added to make 7.5 ml total volume of liquid added to the 1.2 g of centrifuged roots. In order to facilitate rapid equilibrium, for 5 minutes after the
base was added the roots were stirred with a rubber policeman.
Then, for the
second 5 minutes the roots, were stirred only occasionally in making the pH
measurements.
This procedure was duplicated as nearly as possible in making the
After three trials it
on a similar sample of roots.
activity measurements
usually was possible to determine accurately the amount of base required to
maintain the pH at 7 for 10 minutes.
This was taken as the exchange capacity of
the roots and the basis on which the active fractions were determined and the
bonding energies were calculated.
When the exchange capacity of the roots had been determined, the necessary
amount of base was added to another 1.2-g sample of the roots and after stirring
for 5 minutes to attain equilibrium, the clay membrane electrodes were placed
in contact with the roots for 5 minutes. The root mass was stirred and turned
occasionally before measurement was made.
To make certain that the cations added to the roots remained exchangeable
and that significant amounts of contaminating cations from within the roots were
not complicating the activity picture, a leaching experiment was performed on
Approximately 40 ml of 0.1 normal HC1
the roots after the 10-minute treatment.
Essentially all of the catwas leached by suction through the 1.2 g of ¦ roots.
ions added were recovered, and no appreciable amounts of sodium or potassium
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came out of the roots to contaminate
A small amount of calcium
the systems.
came out into the sodium and potassium systems.
This, however, was not considered sufficient to affect the readings obtained.
Whether this is a natural
phenomenon or whether it was peculiar to this experiment is not known. Because
these plants were grown on limestone gravel bathed in 1/5 Hoagland' s solution,
the high lime in the resulting solution may have been the cause of the calcium
This will be investigated.
coming out by leaching with HC1
The results obtained are summarized in Table 1. Little differResults.
ence can be seen in the results from the two legumes except that their relative
bonding energies for potassium and sodium are reversed in their order of magnitude. This may suggest some differences in their competitive ability to take
The grasses show promise of more noteworthy differences in these
up potassium.

.

comparative values.

TABLE 1.

Activities, Fractions Active, and Free Energies of Cations on Plant
Roots.

Activity

Plant
Alfalfa

Alfalfa

Alfalfa
Soybean
Soybean
Soybean

Cation
K
Na
Ca
K
Na
Ca

x

10 3

Fraction active
(per cent)

AF

Cal.

4.26
4.85

32.0
36.4

672
599

0.49
3.81

7.3
30.1

1549
711

3.05
0.38

24.1
6.1

1654

843

It has been found possible to measure the activities of Na, K,
Summary.
and Ca in homoionic plant root systems, using clay membrane electrodes.
It is
not known what significance these values may have as indices in cation nutrient

uptake.
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IONIC EXCHANGE IN SOILS

I. MEASUREMENT OF THE EXCHANGE REACTION
MEANS OF ION EXCHANGE MEMBRANES
(Preliminary

Report)

D. A. BROWN
University

of Arkansas

Investigations designed to elucidate the uptake of nutrients by plants from
Such problems have been clarified
the soil have been beset by many problems.
considerably in the light of recent knowledge of how nutrient uptake by plants
is affected by (a) the exchange characteristics of the clay mineral, (b) the
percentage saturation of the clay mineral by cations, and (c) the surface exchange properties of the plant root. Despite our increased knowledge of the
of the clay minerals (4, 6, 7, 8, 9, 11, 12), we are
exchange characteristics
still not always able to relate nutrient uptake by plants to the nutrient status
of the soil. This failure is due primarily to the limited knowledge of the
ionic interactions which occur between the plant root and the soil colloid.
From this
Metabolic effects make these interactions even more complicated.
point of view it has been advisable to divide nutrient uptake into two distinct
steps, (a) the exchange of nutrient cations from the clay colloid to the plant
root surface, and (b) the subsequent absorption of these cations into the plant
due to metabolism (1, 2). By such a technique it should be possible to reproduce the first step of nutrient uptake independently of plant metabolism.
The purpose of this experiment was to explore the possibilities of simulating the first step of nutrient uptake, i.e., the exchange of nutrient ions
from the soil colloid to the plant root, by the use of ion exchange membranes
and plant roots.
The basic concept of utilizing a cation exchange
Experimental Procedure
material was proposed by Brown (2). In this original work, hydrogen colloidal
clay was used to simulate the surface exchange properties of the plant root.
Soil enclosed in a collodion tube was immersed in a suspension of hydrogen clay
and the exchange of hydrogen ions for the cations of the soil allowed to proceed
(2). This investigation advances this basic concept to the point of utilizing
porous ion exchange membrane sheets to reproduce the surface exchange properties
Furthermore, it was designed to compare the exchange- properties
of plant roots.
of plant roots with those of the membrane.
Preparation of Membranes and Plant Roots. Cation exchange membranes 1 inch
by 4 inches in size, and having an exchange capacity of 2.5 milliequivalents,
were washed with 4 N HC1 to make certain that the entire exchange capacity was
satisfied by the hydrogen ion. The unadsorbed HC1 was washed from the membrane
by the use of distilled water.
For measuring the cation exchange from the soil colloid to the plant root
the following technique was used: Soybeans (Ogden variety) were grown for 30
days in a gravel culture where the nutrients were supplied by Hoagland's nutrient solution.
The tops of these plants were cut away so as to leave one inch of
Eight plant roots were tied together for use as
the stem attached to the roots.
a single group.
The roots were washed in successive aliquots of 0.1 N HC1 until
no further evidence of calcium was found in the washings.
Subsequent rinses in
distilled water removed the unadsorbed HC1.
Following preparaMeasuring the Exchange Capacity of Membrane and Roots.
tion, membranes and roots were washed with three consecutive aliquots of Cad,.
The strength of the CaCl, used was 4 N for the membranes and 0.1 N for the roots.
These washings were titrated for exchangeable hydrogen as exchanged from the
root or the membrane and reported as the milliequivalents of exchange capacity.
Preparation of Soils.
Six representative soils of Arkansas were chosen for
this investigation, including the Lakeland, Ruston, Richland, Crowley, Sharkey,
Aliquots (100 grams) of each of these soils were moistened
and Houston series.

.
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by means of a water atomizer to bring the soil to optimum moisture content.
Each aliquot then was placed in a metal pan (1% inches by 3 inches by 4% inches)

and covered until ready for use.
Measurement of the Exchange Reac tion. Each membrane was buried in an aliquot (100 grams) of soil.
A glass cover was sealed on top in order to prevent
moisture loss.
After the chosen equilibrium period, the membrane was removed
from the soil. After removing all adhering soil particles with carbon-dioxide
free distilled water, the membrane was washed with four 50 ml aliquots of 4 N
HC1. The washings were composited and taken to dryness on a hot plate. The
residue was taken up in 10 ml of 4 N HC1, taken to 100 ml volume with distilled
water, and filtered.
Determinations of calcium, potassium, and sodium were carried out by means of the Beckman flame spectrophotometer, using the oxygenacetylene burner.
Exchange studies with soybean roots were carried out by placing the hydrogen-saturated roots between two thin sheets of cellophane. The roots were then
buried in the soil and the exchange of the hydrogen ions for the cations of the
soil was allowed to proceed.
The equilibrium time for the roots, as well for
the membranes, used for direct comparison of cation exchange was 24 hours.
The
cations exchanged to the roots were removed by four washings with 50 ml aliquots
of 0.1 N HC1. The determinations of the calcium and potassium exchanged to the
roots were carried out as previously described.
The exchange data as obtained by the use of ion
Discussions of Results.
exchange membranes are summarized in Table 1. The total cations exchanged increased from 0.229 for the Ruston silt loam (3 m.e./lOO grams exchange capacity)
to 2.132 for Sharkey clay (41 m.e./lOO grams exchange capacity).
The percentage distribution of each cation in the total amount exchanged
reveals some significant facts. For example, the suite of cations exchanged
from the Ruston silt loam soil show 66.4 per cent calcium and 17.5 per cent
potassium, whereas for the Houston clay the percentage is 99.2 and 0.4 for calSimilar differences between these soils are
cium and potassium, respectively.
shown by the Ca/K ratios, increasing from 3.8 for the Ruston soil to 245 for the
Houston clay. These differences can be accounted for (a) by differences in the
exchange properties of the clay minerals composing these soils, and (b) by the
ratio of cations held in the exchangeable form by the clay. They indicate' that
the ratio of calcium to potassium reaching the plant root may vary considerably
as a result of these two factors.
A straight line relationship is obtained between the Ca/K ratio of exchangeable cations in the soil and the percentage
of
The Richland soil is the only one
calcium in the suite of cations exchanged.
which fails to fall on this straight line. These data show quite clearly the
importance of considering the type of clay mineral and the exchange capacity in
attempting to relate nutrient uptake to the nutrient status of the soil.

TABLE 1.
Soil

Cation Exchange Data

Sum of
and Na 1

Ca, K,

type

Loan '--- 0.068

Lakeland Sandy
Ruston Silt Loam
Crowley Silt Loam
Richland Silt Loam

- -----

Sharkey Clay

Houston Clay
Expressed

as

.229
.203
.523
2.132
1.979

Measured by Means of Cation Exchange Membranes
Suite of cations*
Ca
K
Na
73.5
66.4
89.1
86.4
98.4
99.2

10.3
17.5
3.5
6.7
0.5
0.4

16.2
16.1
7.4
6.9
0.1
0.4

Percentage

exchange*

Ca/K 3

Ca

K

7.1
3.8
25.9
12.6
209
245

3.3
6.1
3.6
9.0
8.4
7.9

7.0
9.0
4.1
7.0
1.6
1.4

as total m. e. of Ca, K, and Na exchanged

Expressed as

percentage

of sum of Ca + K + Na.

3

m.e.Ca/m.e.K.
Percentage

of total exchangeable
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2^

the calcium and potassium uptakes by membranes and
The total quantity of cations exchanged to the membrane is much greater than the exchange to the plant root. However, a more
critical evaluation is to be found in the Ca/K ratio. The ratio of Ca/K for the
Although
plant roots is approximately twice as high as that for the membranes.
this might lead one to believe that this difference is too great to justify the
use of membranes to reproduce the exchange of cations from the soil colloid to
the plant root, there are other factors to consider.
It has been found possible
to vary the Ca/K ratio by altering the time interval for equilibrium; thus, for
longer equilibrium periods, the Ca/K ratio increases significantly. By increasing the equilibrium period it should be possible to adjust the Ca/K ratio to
that of plant roots. One other possibility exists, and that is the preparation
of ionic exchange membranes which will more closely approach the acid strength
exhibited by plant roots.
Weakly-acid membranes may more nearly reproduce the
exchange of cations from the soil to the plant root. The present status of this
investigation indicates that by the use of this technique there are a great many
possibilities of answering some of the complicated interactions occurring between the plant root and the soil colloid.
between

roots is given in Table 2.

TABLE 2.

Soybean Roots vs. Cation Exchange Membranes 1

Cation Exchange Data:

Membranes 2

Ca

K

m.e.

m.e.

ratio

1

0.217
.222

0.038

.292
.234

.052

5.7
5.6
5.6

.039

6.0

.069
.071

.006
.006
.006
.006

11.5
11.8

2
3
4

.040

Ca/K

Roots*
1
2
3
4

.072
.065

Soil used was Rich land silt loam at 20 per cent moisture;
24 hours.
Exchange capacity 2.30 m.e.
3Exchange capacity 0.278 m.e.

12.0
10.8

time interval for exchange was

Summary.
Cation exchange data, as obtained by the use of ionic exchange
membranes and soybean roots, are reported.
The suite of cations exchanged from
soils having medium and low exchange capacities was found to be relatively less
rich in calcium than those from soils with high exchange capacity; the range was
66 per cent to 99.2 per cent. Potassium was richer in the suite of cations
The range was
exchanged from the medium and low exchange capacity soils.
17.5 per cent to 0.4 per cent. This gave a range of 3.8 to 245 for the Ca/K
ratio.
Comparisons of calcium and potassium uptake between membranes and soybean
roots showed that the Ca/K ratio as obtained by use of plant roots was about
twice that obtained by the use of membranes.
Possible ways of decreasing the
differences between these Ca/K ratios are enumerated.

References
Brown, D. A., and Albrecht, W. A., 1951. Complementary ion effects in soils as measured
by cation exchange between electrodialyzed hydrogen clay and soil, Soil Sci. Soc. Amer. Proc.
15: In press.
2. Brown, D. A., and Albrecht, W. A., 1951. Plant nutrition and the hydrogen ion. VII.
Cation exchange between hydrogen clay and soils. Mo. Agri. Exp. Sta. Res. Bull. 477.
3. Elgablay, M. M., and Wiklander, L., 1949. Effect of exchange capacity of clay mineral and
acidoid content of plant on the uptake of sodium and calcium by excised barley and pea roots.
Soil Sci. 67: 419-424.
1.

https://scholarworks.uark.edu/jaas/vol6/iss1/1

33

Journal of the Arkansas Academy of Science, Vol. 6 [1953], Art. 1
30

ARKANSAS ACADEMY OF SCIENCE

4. Gieseking, J. E. , 1939. The mechanism of cation exchange in montmorillonite, beidellite,
and nontronite type of clay minerals. Soil Sci. 47: 1-14.
5. Hoagland, D. R. , 1948. Inorganic plant nutrition. Chronica Botanica Co.
6. Homer, G. M., 1936. Relation of the degree of base saturation of a colloidal clay by
calcium to the growth, nodulation, and composition of soybeans. Mo. Agri. Res. Bull. 232.
7. Jenny, H. , and Ayers, A. D. , 1939. The influence of the degree of saturation of soil colloids on the nutrient intake by roots. Soil Sci. 48: 443-459.
8. Jenny, H. , and Overstreet, R. , 1938. Contact effects between plant roots and soil colloids. Soil Sci. 24: 348-392.
9. Jenny, H. , and Overstreet, R. , 1939. Cation interchange between plant roots and soil col
loids. Soil Sci. 47: 257-272.
10. Jenny, H. , and Overstreet, R. , and Ayers, A. D. , 1939. Contact depletion of barley roots
as revealed by radioactive indicators. Soil Sci. 48: 9-24.
11. Marshall, C. E. , 1944. Cationic activities, exchangeable bases and uptake by plants.
Soil Sci. Soc. Amer. Proc. 8: 175-178.
12. Overstreet, R., and Jacobson, L., 1946. The absorption by roots of Rb and P ions at
extremely small concentrations as revealed by experiments with Rb
and P prepared without
carrier. Amer. Jour. Bot. 33: 107-112.
13. Wiklander, L., 1946. Studies on ionic exchange. The Annals of Royal Agricultural College
of Sweden. Vol. 14.
14. Williams, D. E. , and Coleman, N. T., 1950. Cation exchange properties of plant root surfaces. Plant and Soil, Vol. II,No. 2.

Published by Arkansas Academy of Science, 1953

34

Journal of the Arkansas Academy of Science, Vol. 6 [1953], Art. 1
PRAIRIE VEGETATION IN NORTHWEST ARKANSAS
E. S. RUBY

University of Arkansas
The climax vegetation of northwest Arkansas is generally admitted to be
deciduous forest which is bordered by the Tall Grass Prairie on the west and the
Lake Forest on the north. The great climatic changes of the past have permitted
the movement of the boundaries of the deciduous forest and the grassland.
These
movements have resulted in the isolation of fragments of both climaxes within
the now recognized boundaries of the opposite formation. One of the more famous
isolated areas is the Cross- timbers found in Texas. The Cross- timbers is a
portion of the deciduous forest completely isolated in the grassland formation.
This area is post-climax to the grassland formation. Similarly, grassland areas
in the deciduous forest are pre-climax. Pre-climax grassland formations such as
Other areas less
the Grand Prairie are to be found in the state of Arkansas.
well known are the following: The Massard Prairie and the Cedar Prairie near
Fort Smith in western Arkansas. The Norwood Prairie, west of Fayetteville, and
the Lindley and Osage Prairies, shown in Figure 1.

The Shaded
Figure 1. Vegetational Map of Northwest Arkansas.
Sections Represent the Various Areas of Prairie Vegetation.

These prairie areas are located in the basins and are surrounded by mountains covered with vegetation of the deciduous forest. Nuttall (1819) stated
that the Grand Prairie would be suitable for rice culture. Today, this observation has been completely fulfilled, by the Grand Prairie area being the center
of rice production.
Lesquereux (1856) studying the coal deposits of Arkansas recorded the presence of prairie areas. His observations were similar to those of Nuttall.
Sargent (1880) shows these various prairie areas in his vegetational map of Arkansas (Figure 1).
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The Norwood Prairie. The Norwood Prairie is located in the northwest part
of Arkansas.
It lies west of Fayetteville and is west of the Wedington Gap.
The original vegetation of this prairie has been destroyed, with the exception
of a few isolated areas which attest to its former status before the advent of
the plow. The few areas that have not been plowed have been used as permanent
pasture and heavily over-grazed until a grazing disclimax is now found throughout the prairie.

A typical pasFigure 2 (above).
in the Norwood Prairie of
Northwest Arkansas.
Figure 3
(left). Typical community of Indian
Grass in Massard Prairie.
ture

Figure 2 shows a typical pasture in the Norwood Prairie at the present
The long and continuous grazing has permitted the invasion of other grass
species and an increase in certain less palatable species. Kentucky bluegrass
(Poa pratensis ) and broomsedge (Andropogon virginicus) have become the dominant
The tall grass vegetaspecies represented in the vegetation of this pasture.
tion has been almost completely eliminated.
Intermittent mowing has been practiced on this pasture with the result that the woody and herbaceous species have
not increased.
The stage of deterioration of the Norwood Prairie and similar prairie areas
Kentucky
is easily measured by the abundance of broomsedge that is present.
bluegrass appears to serve as one of the early indicators of overutili zation.
Continued deterioration is apparently well indicated by the presence of broomOther indicators of deterioration of the prairie vegetation are the
sedge.
The broomsedge also repreherbaceous species common to the deciduous forest.
sents the vegetation of a fire-disclimax in this area.
The Massard Prairie 1 The Massard Prairie, south of Fort Smith, is located
in a basin lying between two hills known locally as Wolf Mountain and South
Ridge which have elevations of about 600 feet. The prairie has an elevation of
about 500 feet. Massard creek crosses the prairie from southwest to northeast.
The surface of the prairie is gently rolling and contains many small mounds
which are three to four feet in height and some twenty feet in diameter.
time.

.

*From "A Study of

the Flora of Massard Prairie with Some Ecological Notes,

by M. R. Arm-

strong.
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The plant societies found in the Massard Prairie are representative of the
Tall Grass Prairie formation (Figure 3). The typical grasses found in the
Massard Prairie are big bluestem (Andropogon furcatus), little bluestem (Andropogon scoparius), Indian grass (Sorghas trum nutans), and switchgrass (Panicum
v irgatum)
Table 1 lists the various Gramineae genera common to the Massard
Some of the species found on
Prairie, while Table 2 lists the dominant grasses.
the Massard Prairie are neither common nor even listed as being present in the
Tall Grass Prairie to the west and north. This is probably due to climatic
changes associated with the southern position of Arkansas in the vegetative
formations. That is, certain of these species are not adapted to the lower
found further north and west. Rainfall may also be another of the
temperatures
deciding factors which prevents their spread. However, the interaction of climatic effects may often be more important than the main effects acting alone.

.

TABLE 1.

The Grameneae

genera

No. of Species

Genera
Agrostis
Andropogon
Aristida
Bouteloua
Bromus

3
4
4
1
1
1
1

Danthonia
Digitaria
Echinochloa
Elymus
Eragrostis

1
•

Festuca

Leptoloma
TABLE 2.

1
3
1
1

The dominant grasses

Andropogon furcatus
Agrostis hyemalis
Andropogon scoparius
Aristida gracilis
Bouteloua curtipendula
Eragrostis pectinacea
Panicum agrostoides
Panicum capillare
Paspalum floridanum
Sphenopholis intermedia
TABLE 3.

common

to the Massard Prairie.

Genera

No. of Species

Pan i
cum

10

Paspalum

4
1
1
1
1
1
3
2

Phalaris

Setaria
Sorghastrum
Sorghum
Sphenopholis
Sporobolus

Tridens

found on the Massard Prairie

Big bluestem
Ticklegrass

Little bluestem
Slender triple awn
Side-oats grama

Purple Love-grass
Red- top panic

Witch grass
Florida paspalum
Slender wedge grass

The major taxonomic families found on the Massard Prairie.

Tribe
Gramineae
Cyperaceae
Liliaceae
Caryopyllaceae

Ranunculaceae
Cruci ferae
Rosaceae
Leguminosae

Euphorbiaceae
Onagraceae
Unbelliferae
Asclepiadaceae
Labiatae
Solanaceae
Scrophulariaceae
Composi tae
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No. of Genera
21
6
4
3
3
6
3
18
6
4
8
3
5
3
8
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The great number of tribes and genera (Table 3) present in the Massard
Prairie gives it a taxonomic complexity which is quite common in the prairie
of the United States.
Climatically, the area should be considered as being marginal for the
growth of trees. The normal rainfall (38.93 inches) is adequate for tree growth
ifother factors are favorable. Soil conditions may be the primary factor preventing the climax vegetation from becoming established.
The soils in the prairie areas of Arkansas are cold, wet soils which are underlain by a clay or shale
This hardpan is the cause of the soils being wet during the rainy
hardpan.
months and also results in a droughty soil during the summer months when precipitation is low. The impermeability to water of the clay-pan is the reason
that rice can be successfully produced on the Grand Prairie.
The germination and growth of tree seedlings seems to be inhibited by the
cold, wet soil conditions that prevail in this area plus the droughty condition
of the soil during the summer months.
Belie Tall Grass Vege tation on the Mountain Slopes of Nor thwest Arkansas
In the northwestern portion of Arkansas, remmants of the Tall Grass Prairie are
evident in sites other than those shown in Figure 1. A typical area in Washington County is shown schematically in Figure 4. This area is east of the
Norwood Prairie and consists of approximately 20 acres. It has not been fenced
nor grazed.
The area consists of a ravine lying between two formerly cultivated
fields. The field on the west ridge has been abandoned for a considerable
period of time and has been revegetated with trees and broomsedge (Figure 5).
The east ridge was sown to Korean lespedeza and has been allowed to reseed itself every year. During the winter of 1951-1952, the area was leased to a
Texan who put in fences and developed stock ponds.
areas

.

Figure 4 (left). Schematic
Illustration of the Prairie
Flora of a Northwest Arkansas
Hillside.

Figure 5 (above).

Abandoned Field being revegetated with Oaks and Broomsedge.
The vegetation on the slopes of the ravine primarily is little bluestem and
Indian grass.
Little bluestem was estimated as providing 65 per cent of the
vegetative cover and the Indian grass 30 per cent. The other 5 per cent of the
vegetative cover was trees and miscellaneous forbs. Baptisia specie were found
It is significant to note that there was not one
to be present in this area.
plant of broomsedge within the boundaries of the native grass area, whereas it
A
was found in profuse abundance in the fields on either side of the ravine.
sharp ecotone existed between the native grass area and the previously cultivated areas.
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There are few stumps in the native grass area, indicating that previous
forest cover was limited to isolated trees that were probably established during
periods of optimum conditions and made the minimum essential growth before the
competition and occasional fire could destroy them. The sprouts of sassafras
and oak which are now found in the area are nearly all dead. They apparently
have been killed by fire as indicated by their blackened condition. Residents
of the area say that burning has not been practiced.
On the abandoned cultivated field to the west of the area, there are two
One is the immediate increase in the abundance
apparent successional responses.
of broomsedge, and secondly, the slower but nevertheless consistent increase in
deciduous type of woody vegetation.
The soil in this ravine and on the ridges is rocky, most of the rocks being
smaller than 3 inches in diameter. The perennial vegetation concealed the rocky
soil from the casual observer. Erosion is practically nonexistent. There were
no cases of accelerated erosion.
The rocks are very evident in the abandoned
fields.
Examination of these areas indicates that Northwest Arkansas is truly a
transitional zone. The deciduous forest can be said to be the climax vegetation. There are indications that the grassland vegetation and the deciduous
forest are codominant in nature. Topographical and edaphic features apparently
provide slight advantages and disadvantages for each of the formations and thus
determine which of the vegetational types would prevail under natural conditions.
On the basis of this material, it is quite possible for proper management
to develop in northwest Arkansas pastures consisting of perennial prairie grasses. This would necessitate
the maintenance of the areas in a disclimax condition and would require constant effort to prevent the development of herbaceous and woody species.
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LENGTH OF GESTATION PERIOD IN

DAIRY CATTLE

JAMES L. CASON

University of Arkansas
A study of the length of the gestation period of the Jersey and HolsteinFriesian herds of the University of Arkansas was made.
This study covered the
years 1934 to 1952 for the Jersey herd and 1937 to 1952 for the Holstein-FrieOnly those gestations which terminated in single births of normal
sian herd.
calves were considered.
A total of 570 gestation periods averaged 278.6 days
each, with 269 male calves being carried an average of 279.5 days and 301 female
calves an average of 277.7 days.
There were 288 gestation periods in the Holstein-Friesian herd averaging 277.8 days in length; 142 males averaged 278.9
days and 146 females averaged 276.8 days. In the Jersey herd a total of 282
calvings averaged 279.3 days in length, with 127 males being carried an average
of 280.2 days and 155 females carried an average of 278.6 days.
An analysis of variance of unweighted means (Table 1) for the HolsteinFriesian herd, omitting all sires with less than six offspring, was computed.
TABLE 1.

Analysis of Variance of Unweighted Means:

Source
Total

I

Season
Sires
Sex
Sires X Season
Sires X Sex
Sex X Season
Sex X Season X Sires

as used

SS

284
1

9,501

10

1,975

1
10
10
1
10
241

Error
The seasons

df

here

are

105
305
179

398
0

Holstein-Friesian

MS

F

105.0
197.5

305.0
17.9
39.8

F.05

F.01

3.87

3.88

6.73

7.29
11.20

1.86

2.39

and/or

cold

0
6,539

two, one

27.1

including the cool

months, October through March, and the other including the warm and/or hot
The difference in length of gestation due to
months, April through September.
season approached significance.
The differences due to sires and sex were
highly significant (F.01).
The analysis of variance of unweighted means (Table 2) for the Jersey herd
was calculated on the same basis as to selection of sires and the use of the
term "season" as for the Holstein-Friesian herd.
Analysis of Variance of Unweighted Means:

TABLE 2.

Source
Total

Season
Sires

I

Sex
Sires X Season
Sires X Sex
Sex X Season
Sex X Season
Error

X Sires

df

SS

244
1
12
1
12
12
1
12
193

5,835
100
459

134
70
485
55
423

4,109

Jersey

MS

F

F.05

F.01

100.0

4.69
1.80
6.29

3.88

1.80

6.75
2.27

38.3
134.0
5.8
40.4
55.0
35.3

1.90
2.58
1.66

21.3
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The differences due to season, to sires, to sex, and to sires X sex interaction was significant (F.05), based on the error term.
The correlation between age at calving and length of gestation for the Jersey herd was + 0.127, which was significant (P.05).
For the Holstein-Friesian
herd correlation was + 0.122, which also was significant (P.05). After taking
out difference due to breed, the herd as a whole had a correlation coefficient
between age at calving and length of gestation of + 0.124, which was highly significant

(P.01).

A regression value was determined for age at calving and length of gestaThis value was + 0.024,
tion for the combined Jersey, Holstein-Friesian herds.
indicating that for every month increase in age, the length of gestation period
increased 0.024 day.
Due to the inaccuracies caused by unequal subclass members, further statistical manipulation of the data should be made according to the procedure of
weighted means as given by Snedecor (1).
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MOTILITY OF SPERMATOZOA AND CONTROL OF BACTERIA

IN BOVINE SEMEN EXTENDERS CONTAINING SULFANILAMIDE,
AUREOMYCIN,

TERRAMYCIN.

*

BACITRACIN, PENICILLIN, AND STREPTOMYCIN

H. K. McCARTNEY and 0. T. STALLCUP 1

University of Arkansas

The importance of controlling bacterial populations in bovine semen used
for artificial insemination has been pointed out by Salisbury et al. (15). A
significant relationship has been found between the number of bacteria in diluted semen and its fertility when all types of bacteria were considered (4).
The growth of many organisms commonly found in bovine semen is reportedly inhibited by the addition of sulfonamides (6, 9, 10, 13, 16), of penicillin (1, 8,
9, 18), of streptomycin (2, 18), of streptomycin plus penicillin (3, 12), of
polymyxins (6), and of aureomycin (6, 11, 18), without significant toxic effects
However, no data have been reported on the conon. the motility of spermatozoa.
trol of bacterial growth in semen by the use of bacitracin or terramycin.
Finlay et al. (5) have reported that terramycin is bacteriostatic to many

Gram-negative enteric organisms, aerobic spore formers, and Gram-positive cocci.
It also has antirickettsial activity and appears to inhibit certain influenza
viruses.
Rose (14) has reported that bacitracin is effective against most strains of
hemolytic streptococci, nonhemolytic streptococci, coagulase positive staphlyococci, pneumococci , gonococci, anaerobic cocci in general, certain bacilli,
certain spirochetes, actinomycetes and some protozoa.
It shows little action
against the large group of aerobic Gram-negative nonsporeforming bacilli. In
view of the reported high bactericidal activity of terramycin and bacitracin, it
seemed desirable to study the control of bacterial growth and effects on motility of the spermatozoa by these compounds as compared to previously used

bactericidal agents.
Materials and Methods.
tions are shown in Table 1.

The antibacterial

agents used in

these investiga-

TAELE 1. Levels of Antibacterial Agents Used per 100 ml of Citrate-yolk Extender

LPeni<

Extender

Sulfanilamide
(mgm)

Control ----0
A
300
B
C
D -.
300
E

-

Aureomycin

11in
G
sodium
(mgn)

hydrocholride

0
30

0
10

i

--30

(mgm)

---

strepto-

Terramycin
hydrochol-

mycin
(mgm)

ride
(mgn)

0
10

0
100

0
10

--

100

DihydroBacitracin
(55 units
per mgn)

10

10

Extender D was used for comparison because of the common usage of these
Extender A was used to determine if a combiantibacterial agents in extenders.
nation of all the antibiotics studies was desirable.
To make a simultaneous
comparison of the effects of the different antibiotics on the motility of spermThe authors are indebted to Herbert G. Luther, Charles Pfizer and Company, Incorporation,
for the terramycin hydrochloride used in these investigations, and to Gertrude M. Cox, director, Institute of Statistics, University of North Carolina, for assistance in outlining some of
the statistical procedures used in the analysis of the data.
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atozoa and upon bacterial control, semen samples obtained from the Arkansas
ArtificialBreeders' Association of Fayetteville, Arkansas, were divided into
as many equal portions as there were antibacterial agents to be tested.
Each
portion of semen was mixed with 3 per cent citrate-yolk extender to which the
antibiotics, or antibiotics plus sul fani 1 amide, had been added. The average
dilution rate was one part of semen to 40 parts of citrate-yolk extender. The
extended semen then was divided into equal portions and placed in 9-ml tgst
One portion was stored in a refrigerator at 5 C
tubes filled to capacity.
while the other portion was exposed to a temperature of 30° C ± 2° C. Daily
microscopic examinations of the diluted semen afforded an estimate of the efAverage
fects of the antibacterial agents on the motility of the spermatozoa.

motility readings, after 48 hours of storage, are presented as this time interval and probably represent a near maximum storage time during which semen is
used by most artificial breeding associations in this country.
The samples were
read until the motility reading fell below 30 per cent and then discarded.
Statistical significance between means was tested by analysis of variance (17).
The number of living bacteria was determined by the plate count method.
After incubation at 37° C for 48 hours, the number of colonies on each plate
was counted and the number of bacteria that would have been present in an entire milliliterof the diluted semen was calculated.
Control plates were made
to check the sterility of the water used for dilutions, of the agar, and of the
atmosphere in the laboratory during the plating procedure.
A summary of the data concerning the spermatozoa motility, the
Results.
duration of motility, and the number of bacteria in extended semen containing
the antibacterial agents studied is presented in Table 2. After 48 hours of
storage at 5* C, bacterial growth was not excessive in any of the extended semen
The combination of all antibacterial agents usually inhibited bacterisamples.
al growth completely.
Bacitracin and aureomycin completely inhibited bacterial
growth in 50 per cent of the samples, this difference in bactericidal action
apparently resulting from the predominating types of bacteria in different
samples.
TABLE

2.

Motility of Spermatozoa, Duration of Motility, and Numbers of Bacteria
in Extended Semen Containing Various Antibacterial Agents
Storage
Temper-

Control
A (Combination of antibacterial agents)
B (Terramycin hydrochloride)

C (Bacitracin)
D (Penicillin / streptomycin / sulfanilamide)
E (Aureomycin hydrochloride)

After 48 hours
motile

atures

spermatozoa

°C
5°
30*
5°
30°
5°
30°
5°
30°
5°
30°
5°
30*

per cent

39.8

9.6

48.7
32.8
46.0
19.9
48.1

7.9
44.1

33.5
40.6
28.0

1

bacteria

per ml. 2

Duration
motility
rating of
30 per cent 2

Thousands
5.0

Hours
145.3

415.7

28.0
181.3
85.3

storage

.3

2.5
6.5
5.2
.8

474.7
5.1
15.2

.7
18.2

154.7

42.7
180.0
38.0
173.3
77.3
156.0
58.7

'Average of 10 ejaculates.
Average of nine ejaculates

At 30° C bacteria multiplied rapidly when

no antibacterial agent was preswhen bacitracin was present, this antibacterial agent apPutrefaction of the egg
parently being inactivated at the higher temperature.
yolk consistently occurred when bacterial growth was high. The percentage of
ent

as was the case
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samples exhibiting a putrid odor after 48 hour's storage at 30° C was 40, and
30, respectively, for the extenders containing bacitracin and no antibacterial
agents, respectively.
The analyses of variance of the percentage of progressively motile spermatozoa after 48 hour's storage is presented in Table 3.
At 5° C the percentage
of motile spermatozoa was similar in all extenders throughout the 48 hour's
storage period.
The effects of temperature appear to be significant, all samples showing a lower average motility after 48 hours at 30* C as compared to 5°
C, regardless of the diluter used (P<0.01).
Similar results for a 72 hour
storage interval were reported by Foote and Bratton (7). At 30° C after a 48
hour storage period significant differences between extenders were observed
(P<0.01).
Aureomycin, penicillin / streptomycin / sul fan ilamide, and a combination of antibacterial agencs were significantly superior (P<0.01) to no
Bacitracin, terramycin,
antibacterial agent and bacitracin at this temperature.
and no antibacterial agent were not significantly different from each other
This was probably caused by a high bacterial count in samples con(P<0.05).
taining bacitracin, and the low motility of the samples containing terramycin
may have resulted from toxicity although no such effects were evident when samples were stored at 5° C.
An analysis of variance of the data concerning the length of time a progressive motility rating of 30 per cent was maintained is presented in Table 4.
The temperature effects were again significant, the duration of motility being
appreciably lower in samples stored at 30* C as compared to those stored at 5°
C. The fact that the extender effect at 30* C is riot significant suggests that
the criterion of response used here is not as precise as the one used in Table
3. This is probably because the spermatozoa died rapidly in some extenders
stored at 30° C, and daily microscopic examination would not detect precisely
when 30 per cent of the spermatozoa

Factor

Total
Extenders at 5° C.
Extenders at 30° C.

S.S.

D.F.

M.S.

33,093.5

119
5
5
1
9
99

1,283.71
15,322.8

702.95

6,418.55

15,322.8
4,417.0

Temperature
Ejaculates

6,232.2

(error)

highly significant

(P

=

S.S.
809,263

Temperature
Ejaculates

F
2.23
20.39 1
22. 91 1

62.95

< 0.01)

Factor
at
at

140.59

Motile

Analysis of Variance of the Hours that 30 Per cent of the Spermatozoa Remained Progressively Motile

TABLE 4.

Total
Extenders
Extenders

motile.

Analysis of Variance of Percentages of Progressively
Spermatozoa after 48 hour's Storage

TABLE 3.

Remainder

were

5° C.
30° C.

10,221.3
27,232

--------- 337,345
175,099

259,365.7

Remainder

highly significant

(P

D.F.
107
5
5
1
8
88

Variance
2,044.3
5,446.4

337,345

F

1.85
114. 47 1

2,947

= < 0.01)

bacitracin, aureomycin, penicillin /
sul fanilamide, and a combination of the aforementioned antibacterial agents, on the motility of bovine spermatozoa and upon the control of
bacterial growth in bovine semen extended with citrate buffered yolk and stored
It was found that there was no signifiat 5° C. and 30° C, was investigated.
cant difference in the motility of the spermatozoa or in the duration of a 30
Summary.
streptomycin

/

The effect of terramycin,
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per cent motility rating of samples stored at 5° C that could be attributed to
differences in the action of extenders.
A significant difference was found in
the percentage motility after 48 hours storage and the duration of motility
between samples stored at 5° C and 30° C, those stored at 30° C being consistently lower. Low motility ratings were observed in extenders containing bacitracin, Lerramycin, and no antibacterial agent when samples were stored at 30°
C. All antibacterial agents studied were highly bacteriostatic and/or bactericidal with the exception of bacitracin when samples containing this antibiotic
were stored at 30° C.
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EFFECTS

OF CEHTAIN COTTON INSECTICIDES

ON

THE MOURNING DOVE

HOWARD YOUNG, ANDREW HULSEY, and ROBERT MOE

University of Arkansas
With the recent

increase

in the use of crop insecticides

there has devel-

oped a realization of the potentially-harmful side effects of widespread use of
these poisons.
There have been many attempts to measure the effects of crop
poisons on wildlife (3), (4), (8). The first papers were concerned primarily
with DDT, the first synthetic organic insecticide to find extensive use. The
development of newer poisons has brought need for more research, and the effects
of chlordane, aldrin, and toxaphene recently have been studied by Post (6), (7).
The techniques in early studies consisted mainly of field-population counts
on two comparable areas.
Censuses were taken regularly on an area before and
after poison applications and the results were compared with those from censuses
taken on a control area to determine the depressing effect on wildlife populations.
In the present paper consideration is given to poisons commonly used on
arsenate,
benzene hexachloride containing DDT,
cotton in Arkansas--calcium
toxaphene, dieldrin, and aldrin. According to Barnes and Lincoln (1), the first
three have been most frequently utilized in Arkansas in recent years. The use
of chlordane has almost ceased, and dieldrin and aldrin are used primarily as
substitute poisons during shortages of the others.
Some 35 Mourning Doves, Zenaidura macroura, were captured.
This species is
a common farm-area bird in Arkansas, and a ground- feeding type which might be
expected to come in contact with poison residues from crop dustings.
Although
not extensively hunted in Arkansas, it is an important game bird.
Most of the doves were gathered by Mr. Harold Alexander of the Arkansas
Game and Fish Commission, who instituted the problem and maintained adminisAdditional doves were trapped on the University of Artrative supervision.
kansas campus.
The study was supported in part by funds derived from Arkansas
Pi ttman-Robertson Project 24
R, Mourning Dove Investigations in Arkansas, and
was designated as a special phase of this state-wide study.
The University of
Arkansas College of Agriculture Extension Service furnished the poisons.
The doves were kept in 8' x 8' x 8' outdoor cages made of 1Techniques
inch mesh chicken wire. Three cages were used, one for the temporary housing of
birds and one each for poison- testing and control. The recommended dosage per
acre (for control of cotton pests) for each poison was determined (1), and a
prorated amount was computed for the floor area of the poison cage. The commercial poison powders used in dusting programs were mixed thoroughly with the
food, which was then scattered evenly about the floor of the poison- testing
A three-day food supply, determined by measuring average daily consumpcage.
When birds became ill from poison
tion by individually-caged doves, was used.
they apparently decreased their consumption, and food was frequently present in
It disappeared rapidly in the control cage. Uneaten
excess in the poison cage.
The cages were exposed to the effects
food was removed at the end of each test.
of rain, sun, and wind to simulate field conditions, although one side was
sheltered by a wall. A small portion of each cage was shaded by boards and
perches were provided. The floors were dirt and ample water was furnished. The
birds not exposed to poison maintained good health under these conditions.
The small number of doves made it necessary to use some individuals to test
more than one poison, and to shift some poison-exposed birds to the control cage
for later tests.
The possible effects of this procedure are discussed later.
The doves were observed daily to determine mortality and weighed about every
third day to determine effects of the poison. As much as possible, birds were
evenly divided according to sex and weight between the test and control cages.
All birds but one (No. 33) were adult. Loss of weight exceeding the average
weight loss by the control birds for the same period was considered to be evidence of a deleterious effect of poison. Weights were rounded to the nearest

-

.
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gram, and because the time of day when the birds were weighed varied, no conclusions were drawn except in cases of extreme change.
Control birds and
poison-exposed birds were weighed at the same time of day.

Results.
ber:

Data from each

test

are presented

in a table bearing a like num-

Test la. Five doves were exposed to a normal dosage of calcium arsenate
(prorated from the amount which is routinely used in the dusting of cotton) on
May 16, 1951. On May 19 they were given food without poison, and on May 22 they
were given food to which double the usual amount of poison had been added.
(Similar techniques were used in the other tests.)
None of the birds died, and
as a group

they had regained

their original weight on June 1, when the test was

terminated. As rainfall was extremely heavy during the testing period, it was
believed that considerable poison had been washed away; the experiment was
repeated in July.

Ib. On July 9, 8 doves
It was necessary to use
benzene hexachloride. The dosage
15. Thus, the birds were given

the normal dosage of calcium
4 birds which previously had been exposed to
was repeated on July 12 and doubled on July
only poisoned food from July 9 to July 18,
inclusive. Poison-free food was added on July 18, food with a double dose of
calcium arsenate on July 23, and then poison- free food until July 31. One bird,
previously exposed to benzene hexachloride, died on July 21. All the others
survived for the extire period of the test.
There was considerable variation in
weight loss; as a group the birds had lost 22 per cent of their original weight
at the end of the experiment, contrasted with a 4 per cent average weight loss
among the controls.
Test 2. Six doves including 4 previously exposed to calcium arsenate, were
exposed to toxaphene on June 1. One bird died on June 7, another on June 11, a
third on June 17; the others survived and had an average body weight of 89 per
cent of their original weight at the end of the experiment on June 18.
Test 3. On June 18, 9 doves of which 2 previously had been exposed to both
calcium arsenate and toxaphene, were exposed to benzene hexachloride. Two birds
died; one on July 1, the other on July 2. The survivors showed an average
weight loss of only 2 per cent on July 9, when the test was concluded.
Test 4. On July 31, 10 doves, including 7 previously exposed to other
poisons, were exposed to dieldrin. Only one bird survived to August 10, and it
had lost 32 per cent of its original body weight.
Test 5. On August 10, 9 doves, none of them previously exposed to poison,
were given food mixed with aldrin. The last survivor died on August 17.
Test 6. The obvious toxicity of dieldrin and aldrin made additional study
advisable. In Test 6 the poison cage was furnished with two dishes of food, one
The birds were able to choose freely
poisoned with aldrin and one unpoisoned.
between the two. Poisoned and unpoisoned water also was offered. Four birds
were used in this test, which was initiated on September 16.
Two survived to
September 28, when the test was terminated.
Test 7. On September 28, dieldrin was offered to 5 doves, the techniques
being those used in test 6, except that the location of the dishes was changed
daily. All but one bird had died by October 2, but the survivor, which was
given only poison-free food after October 1, was released in good condition on
October 10.
The study was handicapped by the fact that doves were gathered
Discussion.
at various periods and were in short supply at all times, which necessitated
shifting birds to test more than one poison. However, in any one test, birds
with histories of poison exposure suffered no heavier mortality than birds exposed for the first time. In the control cage, doves previously given poison
thrived as well as those permanently used for controls.
The only exceptions
were in the aldrin and dieldrin tests, when it was necessary to use as controls
some birds which had been extensively exposed and which were in poor condition.
In these cases, however, the differences in loss of weight and survival between
the test cage and control cage were so obvious that no difficulty in interpretation arose.
The experiments exposed the doves to more severe poison hazards than they
would normally be expected to encounter in the field. The poisoning technique
Test

were exposed to

arsenate.
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simulated a situation in which all the poison sprayed over a field settled on
the food particles and where all the birds fed permanently only in poisoned
areas. Thus, it appears that the routine use of calcium arsenate, toxaphene, or
of benzene hexachloride ordinarily would not have deleterious effects on wild
mourning dove populations. It should be noted that the field studies of Kozlick
(5), Cottam and Higgins (3), Hotchkiss and Pough (4), and Stickel (8) failed to
demonstrate heavy mortality among birds or other wildlife following light DDT
When DDT is used a concentration of about 5 pounds per
poisoning of areas.
acre appears to be necessary to cause significant avian mortality. In the
a simulated concentration of 8.5 pounds per acre was used for
tests,
present

calcium arsenate, and 12.5 pounds per acre for the other poisons. These figures
refer to the routine dosage, and pro-rated amounts were computed for the floor
area of the test cage.
Post (6) found considerable evidence of avian population depression following the use of chlordane and toxaphene, although the
He failed to find heavy avian
mourning dove was not among the species observed.
mortality following the use of aldrin for grasshopper control (7).
There is, of course, a specific variation in vulnerability to the different
The method of application also has its effect; Coburn and Treichler
poisons.
(2) found that DDT in oil emulsion was much more lethal to the bobwhite, Colinus
v irginianus , than was the crystalline form. Dusting is the routine method of
applying poisons to the cotton areas; furthermore, the small amounts of poison
and food used in the present study precluded the use of oil emulsions, so this
phase of the problem was not investigated.
In the tests on the mourning dove, evidence for resistance
to poison was
found in the fact that some birds exposed to the poisons and then removed to the
control cage survived for long periods of time and suffered no apparent long
range effects (Nos. 26, 31, and 32). The tenacity of some birds under persistent poisoning was notable, one dove (No. 9) dropping to 57 per cent of its
original weight before eventually succumbing to the combined effects of benzene
hexachloride, calcium arsenate, and dieldrin.
The possible injurious effects on reproductive activity, were not studied.
All birds which died were autopsied, and a gross examination of the internal
The conditions of the gonads were highly variable, but no
organs was made.
striking abnormalities were observed in any parts of the viscera.
The known toxicity of aldrin and dieldrin for vertebrates (1) was verified
in the case of the mourning dove. From the results of Test 6 and Test 7 it
appears that some mortality among birds may be expected when these poisons are
Although they now serve in Arkansas as substiused in insect control programs.
tute insecticides, careful study of their possible side effects should be made
before they are distributed widely. These poisons are being extensively advertised.
Summary.
Mourning doves were exposed in separate tests to varying dosages
of calcium arsenate, benzene hexachloride, toxaphene, dieldrin, and aldrin,
under simulated field conditions.
Results indicate that routine field applications of calcium arsenate, toxaphene, and benzene hexachloride do not constitute a serious danger to wild mourning dove populations.
Aldrin and dieldrin
proved to be extremely toxic, and apparently could not be detected by the birds.
As they are not heavily employed in Arkansas, they probably do not have a significant effect on wild dove populations.
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ADDITIONAL RECORDS OF ARKANSAS EARTHWORMS
DAVID CAUSEY

University of Arkansas

This note adds four species and a number of new localities to the list
already reported (Causey, 1952). Iam again indebted to a number of former
students who have kindly sent me collections.
Among these are Mrs. Birdie
Wright Rader of Blytheville, Miss Ruth Steuart of Clarksville, Mr. Wellesley
Benton of West Helena, Mr. Andrew H. Hulsey of Lonoke, Mr. George Ladyman of
Rector, Mr. Newton Pillstrom of Altus, Mr. Burford Tatum of Danville, and Mr.
Joseph Wellborn of Osceola. Dr. Nell Bevel Causey has continued to provide
specimens obtained during her field trips. These have extended the areas of the
state from which collections have been made to an appreciable extent, and the
records now cover, in a spotted fashion, all but the east central portion of the
state.
No area of the state has been worked over as thoroughly as it should be
to give data for studies on distribution of species, competition between species, etc.
Allolobophora

caliginosa:

Blytheville, Mississippi County
Cave Springs, Benton County
Jonesboro, Craighead County
Lonoke, Lonoke County
Osceola, Mississippi County
Rector, Clay County
Bimastos beddardi:
Batesville, Independence County
Lake Ft. Smith, Crawford County
Norfork Lade, Baxter County
West Fork, Washington County
Bimastos gieseleri:
(This is an additional species to the previous list)
Batesville, Independence County
Elkins, Washington County
Fayetteville, Washington County
Norfork Lake, Baxter County
Pine Bluff, Jefferson County
Bimastos

veneta:

additional species to the previous
Petit Jean bottoms, Danville, Yell County
(This is an

list)

Bimastos zeteki:
(This is an additional species to the previous list)
Fayetteville, Washington County
Lake Ft. Smith, Crawford County
Mountain View, Stone County
Dendrobaena octaedra:
Petit Jean bottoms, Danville, Yell County
Dendrobaena subricunda:
(This is an additional species to the previous list)
Mountain View, Stone County
Diplocardia communi s:

Clarksville, Johnson County
Diplocardia riparia:
Cabin Creek, near Latnar,

Johnson County

Clarksville, Johnson County
Petit Jean bottoms, Yell County
Diplocardia singular is:
Dardanelle, Yell County
Marcella, Stone County
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Osceola, Mississippi County
Rector, Clay County
West Fork, Washington

County

Eisenia foetida:
Rich Mountain, near Mena, Polk County
Eisenia roseus:
Junction City, Union County
Eiseniel la tetraedra:
Cave Springs, Ben ton County
0 cto lasium lacteum
Cave Springs, Ben ton County
Fayetteville, Washington County
Pheretima diffringes:
Fayetteville, Washington County
Osceola, Mississippi County
Pheretima hupeiensis:
Donaldson, Hot Springs County
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ADDITIONAL RECORDS OF TERRESTRIAL ISOPODS IN ARKANSAS
DAVID CAUSEY

University of Arkansas

This note adds one new genus and species and a number of localities to the
am again indebted to a number of my
list already published (Causey, 1952). I
students for collections, especially to Miss Ruth Steuart of Clarksville, Mr.
Wellesley Benton of West Helena, Mr. J. L. Harris of Monette, Mr. George Ladyman
And Iam once more indebted
of Rector, and Mr. Keith Robertson of Russellville.
to Dr. Nell Bevel Causey for specimens collected in her field trips.
The statement in the preceeding paper regarding the scarcity of terrestrial
i
sopods in Arkansas is still valid. No doubt A. vulgare can be found in any
community of the state, and often in great numbers, and P. pruinosus is abundant
in many places. The rest seem relatively or absolutely rare, and we have often
returned from a collecting trip of several days without a single isopod specimen.
Ihope to show in a subsequent paper that the contrary is true for the
state's freshwater species.
Armadi Ilidium nasatum:
Rector, Clay County
Armadi Ilidium vulgare:
Crystal Spring, Garland County
Dierks, Howard County
Greenland, Washington County
Helena, Phillips County
Jonesboro, Craighead County
Monette, Craighead County
Mountain Home, Baxter County
Norfork Lake, Baxter County
Russellville, Pope County
Viney Grove, Washington County
Cylisticus

convexus:

(This is an additional genus and species to the previous list)
Helena, Phillips County. These appeared in three collections, October,
November, and December, 1951, supplied by Mr. Benton. Ihave failed to find
them in any other collections in the state.
They are associated with A vulgare, but are not numerous.
Porcel lio scaber:
Goshen, Washington County
West Fork, Washington County
Viney Grove, Washington County

.

Porcellionides

pruinosus:

Helena, Phillips County
Monette, Craighead County
Mountain Home, Baxter County
Russellville, Pope County
West Fork, Washington County
Trache lipus rathkei:
Helena, Phillips County
The previously published key requires slight modification to include
The complete key, with this species included, follows. It
Cylisticus convexus.
covers all the species likely to be encountered in this part of the Mississippi
Valley.
(2)
1
(1)

2
»

First pair of antennae plainly visible and at least one- fourth as long
as a second pair of antennae;
posterior segments of abdomen fused.
Freshwater Isopoda (not considered in this key).
First pair of antennae inconspicuous, rudimentary and not one- fourth
as long as second pair; abdominal segments not fused.
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4

(5)

Terrestrial Isopoda
Uropods not extending beyond the terminal segment of the abdomen
Head with a small V-shaped n.otch at front end 1

5

(4)

Head without such

(6)

3
4

Armadil lidium nasatum
a notch.

Armadi Ilidium vulgare

Uropods extending beyond the terminal segment of the abdomen
7
(10) Flagella of antennae (actually the second pair because the first are
rudimentary) of 4 to many segments
8
(9) Flagella of 4 or 5 segments.
(3)

7

10
11

(8)

Flagella of antennae

(7)

Flagella of antennae
Flagella of antennae

(12)

Trichoniscus demivirgo
with more than 5 segments.
Ligidium longicaudatun
with either 2 or 3 segments

with 3

Oniscus ase Ilus
12 (11) Flagella of antennae with 2 segments
13 (14) Abdomen abruptly narrower than thorax; antennae
with white at joints.

14
15
16
17

18
19
20

11

segments.

conspicuously

13
banded

Porce llionides pruinosus
Abdomen and antennae not so
15
(16) Dorsal surface highly arched, surface smooth, usually shiny; animal
capable of rolling into a ball
Cylis ticus convexus
(15) Dorsal surface not highly arched; head rough or tuberculated; animal
not capable of rolling into a ball
17
(18) Dorsal surface of head rough, but not conspicuously tuberculated
Trachelipus (- Tracheoniscus)
rathkei
19
(17) Dorsal surface of head with many conspicuous tubercles
(20) Dorsal surface of body conspicuously tuberculated.
Porcellio scaber
(19) Dorsal surface of body not conspicuously tuberculated
(13)

Porcellio

Causey, D. The Terrestrial Isopoda

spini corni s

Reference
of Arkansas. Volume 5, Proc. Ark. Acad. Sci.,

pages

25-30

1952.
The large, squarish, forwardly-extending lobe into which the epistome is produced dis
(Van Name).
this species from A. vulgare.

tinguishes
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COMMENTS ON THE BACILLARIOPHYCEAE
OF NORTH CENTRAL ARKANSAS
ALBERT ROBINSON, JR
Viola High School
While studying certain ecological aspects of Diatoms near Franklin, Arkansas, as the basis of a master's thesis, some further data deemed worthy of
publication were assembled.
Two ponds, which are located within the corporate limits of Franklin,
Izard County, were studied to ascertain the effect of various environmental
factors upon the periodicity of their diatom flora. In the course of the
taxonomic determinations
for an ecological appraisal, the following genera and
species were encountered.
Brebissonia Boeckii (Ehr.) Grun.
Coccone is pedi culus Ehr.
Cose inodi s cus subtilis Ehr
Cymbella amphicephala Naeg
Cymbella leptoceras (Ehr.) Rabenh.
Cymbella pusilla Grun.
Cystopleura gibba (Ehr.) Kuntze.
Frustulia viridula (Breb. ) DeToni.
Gomp honema acumina turn Ehr.
Gomphonema gracile Ehr.
Gomphonema montanum Schum.
Gyrosigma spencerii (W. Sm.) Cl
Hantzschia amphioxys (Ehr.) Grun.
Meridion constriction Ralfs.
Nav icula ambigua Ehr.
Nav icu-la brebisonii Kutz.
Navicula gracilis Kutz.
Navicula parva (Ehr.) Elmore
Nav icu Ia ro s trat a Ehr.
Nav icul a subcapitata (Greg. ) Ralfs.
Pinnularia viridis (Nitsch.) Ehr.
Sceptroneis pacifica (Grun.) Elmore
Synedra pulche Ila Kutz.
Synedra t enui s s ima Kutz.
Synedra ulna (Nitz.) Khr.
This list is not arranged according to the particular pond in which each genus
was found, for many were common to both.
It was found that of the four factors studied (pH, water level, water temperature, and turbidity) diatom periodicity was most affected by the water level
A rise in water level was followed by an increase in the
of the habitats.
abundance of diatoms.
This apparently was caused by the increase in nutrients
washed into the ponds by rainfall, which raised their respective water levels.
This supports Pearsall's
theory (2) that diatom periodicity is largely the
result of floods and rains adding nitrates, silica, and oxygen to habitats in
dissolved form. It also was found that one pond, which possessed higher alkalinity, had a greater diatom flora than the other, which was more acid.
The original study, which formed the basis of this paper, was of necessity
brief. But the implications are of infinite extent.
Conger (3) has most
clearly shown the fundamental role of diatoms in the hierarchy of life forms in
Diatoms are basic in the food supply, directly
any particular aquatic habitat.
or indirectly, of all forms of aquatic animal life. Many times, too, they
seriously affect the oxygen supply of a given body of water, according to
Conger.
In view of the foregoing paragraph, one can see that additional study of
these organisms may reveal information of extreme practical value. How do these
organisms, for example, affect the supply of fish in the natural and artificial

.
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lakes of Arkansas? The value of the tourist trade attracted by these lakes
certainly should lend weight to additional consideration of the Bacillariophyceae.
The commerical production of fish is also involved. Trout farms in North
Arkansas have great potentialities for development. What role do the diatoms
play here?
The commercial production of other types of fish conceivably could
open up new economic vistas for Arkansas if more were known about the relationship of the Bacillariophyceae

to the various environments or ecological conditions found in all areas of the state.
The individual organisms which compose the Bacillariophyceae are small:
but so are atoms.
We have learned correctly to estimate the potentialities of
the latter. Why underestimate the potentialities of the former?
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ON ARKANSAS MICRODRILI.
DAVID CAUSEY

University of Arkansas
The microdrilian oligochaetes have received little attention in Arkansas.
One of my students, Mr. D. S. Collins, Jr., wrote his master's thesis on these
in 1936, dealing with the species found in Washington County. This remains unpublished, although the following year he published a report on the Microdrili
in which some of his thesis material appears.
My
of Reel foot Lake, Tennessee,
study of the Microdrili in artificial lakes of Northwest Arkansas (in press) is
the only other report Iknow of. The present report draws upon these previous
studies, and includes some additional identifications made at various times.
The Branchiobdel lidae will be presented in a subsequent paper. Iam much
indebted to Mr. Newton Pillstrom of Altus who has repeatedly furnished me with
desirable material. The list of species reported here is a preliminary report,
to which no doubt many additional species will be added.
The Microdrili are generally aquatic, the exceptions being some Fnchytraeidae living in wet soil and among the roots of plants, and the Branchiobdellidae which are epizoic on crawfish. The Tubificidae and Lumbriculidae
swallow mud much as terrestrial earthworms do soil, and obtain their nutrients
from the contained organic matter. The Naidiade and Aeolosomatidae use fragments of vegetation and no doubt algae are consumed.
One often sees diatom
The terrestrial Enchy traeidae live on decaying
shells in their intestines.
plant material. The Tubificidae are often found in heavily polluted water,
e.g., the discharge of a sewage disposal plant into a stream, where a purplish
carpet of many square yards may occur, due to the enormous number of worms
The water must be shallow and well aerated for this to occur.
thriving there.
They are also reported from disposal plant filters. A quarter of a century ago
microdrili would occasionally appear in a city water supply and Ihave seen
cloth bags tied to faucets to filter out the worms. That no longer happens so
far as Iknow, and only a serious breakdown in processing the water would permit
it to recur. Commonly we encounter Microdrili more or less accidentally in the
examination of freshwater and its organisms in the laboratory.
Limnological
studies which include bottom samples are most likely to provide large numbers,
obtained by straining the worms out of the mud by means of sieves.
Straining
mud, washings of aquatic plants, or scrapings from such plants will yield specimens.
Collins found that a thin layer of mud spread over the bottom of a Petri
dish would show clear trails if the Microdrili were present, and he picked up
the worms making them with a pipette while observing them through a widefield
dissecting binocular. No particularly successful way of concentrating the worms
from a sample seems to have been devised.
The Branchiobdellidae are readily
picked off crawfish, especially from their abdomens.
Specimens of these may
often be obtained from the bottom of jars in which the crawfish have been preserved.
The living worms are attractive objects for microscopic study, but in
spite of occasional comments in the literature to the contrary, preserved specimens of the smaller species may be stained and mounted so as to yield practically any information desired.
Relationships.
The marine class of Polychaeta is basic for any discussion
of annelid relationships.
The abundance of the members of the class in numbers
and in species, their versatility in habitats and in adaptations give the variations in morphology which suggest the evolutionary trends.
Itis generally
In doing so a freshwater
assumed that the Oligochaeta came from the Polychaeta.
or terrestrial habitat was adopted; the trochophore larva was suppressed;
and by
a loss of the anteriorly placed specialized sense organs and of the parapodia,
the worms became the morphologically monotonous but evidently highly successful
functional type we know. There is no general agreement as to just how this
occurred and various polychaete families have been chosen as ancestral.
The Polychaeta are of separate sexes, and discharge their sex cells into
the sea water. This is not a very successful method for freshwater animals and

•
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apparently an impossibility for soil inhabiting forms. The Oligochaeta, accordingly, have developed hermaphrodi tism, with a copulation providing mutual fertilization, and spermathecae for storing considerable quantities of sperm cells.
The subsequent cocoon formation provides a safe place for the early embryological stages, and makes development possible in mud or damp soil.
It would appear that the earliest Oligochaeta were freshwater forms, as
represented by the Microdrili of today, and that from these the Megadrili arose
as the terrestrial habitat was exploited.
This is suggested by Figure 1. In a
general way the evolution of the Microdrili has involved (1) the moving anteriorly of the sex organs, (2) a reduction in numbers of the respective parts
(ovaries, testes, spermathecae, etc.) of the reproductive system, and (3) the
retention of such primitive factors as intestinal respiration and swimming by
means of hair setae.
Certain families have modified the trends, e.g. the loss
of intestinal respiration, of hair setae, of evident septa, and one has become
s emiparasi tic with accompanying adaptations.
Morphologically both the Branchiobdellidae and the Aeo losomatidae are degenerate,
the latter the more so.
There is some parallelism, at least in habitats chosen, between the Knchytraeidae and the Megadrili. The Lumbriculidae are closest to the original stock.
The most important factor in the separation of
The Fami lies of Microdrili
the microdrilian families is the reproductive system.
This is unfortunate.
Since the group is protandrous, the male organs will have begun to degenerate
by the time the female organs are fully developed, and one cannot expect to
find a mature specimen with all parts of the reproductive system present in
mature development.
The accompanying diagrams of the families in Plate 1 do
The Aeolosomatidae rarely reproduce sexually and instead,
not show actualities.
The remaining families reproduce sexualas in the Naididae, divide by fission.
In some the
ly, with the Lumbriculidae also fragmenting and then regenerating.
reproduction appears to be seasonal, in others it apparently occurs throughout
the year (Causey, in press).
Tn general one cannot expect to find that many
specimens show evident traces of sex organs
my experience is that less than
10 per cent will do so when stained and mounted and examined with the high dry
objective. While the reproductive system is the final criterion, in its absence
other characteristics
must be used in separating the families.
Beyond that-The following key will take suitable specimens to families.
for genera and species--the special papers and monographs must be consulted.
One must be prepared to find that many solitary specimens are unidentifiable
--often a large number are needed to bring out generic and specific characteristics. The tabular summary of the families presents the bulk of the critical
factors pertaining to the families. The basic reference works are Michaelson
(1900) and Stephenson (1930). Ude (1929) has a concise summary of the group
for Germany and the Baltic Hegion which is handy.
Miss Sperber's (1948) monograph on the Naididae is excellent. Welch's many papers on the Fnchytraeidae
are indispensable, of which Studies on the Enchytraeidae of North America (1914)
Goodnight
and The Genera of the Fnchy traeidae (1920) are broadest in scope.
( 1940) covers the Branchiobdellidae.

.

Artificial Key
1

3
4
5

6

to

the Families

of Microdrili

(10) Not epizoic or parasitic
(3) Septa not well developed, generally lacking;
granules—yellow, orange, or green.

2
often with pigment

Family Aeolosoma tidae
(2) Septa usually well developed; body colorless or reddish to
brownish and without apparent pigment granules
4
(7) Setae of various types (cf. text figure 2)
5
(6) Colorless and transparent; up to 25 mm. in length; dorsal setae
hair and needle like or absent; testes in v, ovaries in vi
Family Naididae
(5) Reddish; up to 200 mm. in length; dorsal setes bifid crochets
or a mixture; testes in x, ovaries in xi; often dwelling in
slime tubes.
Family Tubificidae
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8
9

(4) Setae either single pointed, or double pointed crochets
(cf. text figure 2)
(9) Setae single pointed, a variable number in a bundle
testes xi, ovaries xii.
Family Enchytraeidae
(8) Setae single pointed or double pointed crochets; 2 setae
per bundle; 1-4 pr. testes in (vi) vii-x(xi), ovaries 1-3
pr.

55

8

in ix-xii.

Family Lumbriculidae
10

(1) Epizoic or parasitic on crawfish

Family Branchibdellidae
Checklist

of Species of Microdrili
Aeolosomatidae

Farmington and Fayetteville,
Aeolosoma hemprichii Ehrenberg:
Washington County (Causey); eight sites in Washington County (Collins).
Aeolosoma niveum Leydig:
five sites in Washington County (Collins).
Aeolo soma variegatum Vejdovsky: Ft. Smith, Sebastian County, (Causey);
3 sites in Washington County (Collins).
Naididae

four sites in Washington County (Collins).
Chae togas ter pellucidus Walton: Altus, Franklin County (Causey);
four sites in Washington County (Collins).
Dero digitata (Miller): one site in Washington County (Collins).
Dero limosa Leidy: 18 sites in Washington County (Collins).
Dero obtusa d'Udekem: Lake Hindsville, Madison County, Lake Fayetteville,
Washington County (Causey); 11 sites in Washington County (Collins).
Dero perrieri Bousfield: four sites in Washington County (Collins).
Nais communis Piguet:
two sites in Washington County (Collins).
Nais elinguis Muller: Lake Atalanta, Benton County; Lake Ft. Smith,
Crawford County; Lake Hindsville, Madison County; Lakes Fayetteville and
Weddington, Washington County (Causey).
Nais pardalis Piguet: one site in Washington County (Collins).
Nais simplex: Piguet: Altus, Franklin County (Causey).
one site in Washington County (Collins).
Nais variabilis Piguet:
Lake Atalanta, Benton County; Altus,
Pristina aequiseta Bourne:
Franklin County; Lake Ft. Smith, Crawford County; Lake Fayetteville,
Washington County (Causey).
Fayetteville, Washington County
Pristina longise ta Ehrenberg:
(Causey); six sites from Washington County (Collins). The form is leidyi,
if the variety is to be recognized.
Lake Hindsville, Madison County;
Stylaria lacustris (Linnaeus):
Lake Fayetteville, Washington County (Causey).
Aulophorous

furcata

(Oken):

Tubi ficidae
Branchiura sowerbyi Beddard: Lake Atalanta, Benton County; Lake
Ft. Smith, Crawford County (Collins).
I
lyodrilus sp.: one site in Washington County (Collins).
Linnodri lus claparedianus Retzel: Lake Atalanta, Benton County;
Lake Ft. Smith, Crawford County; Lake Hindsville, Madison County; Lakes
Fayetteville and Weddington, Washington County (Causey).
Tubifix tubifix (Muller): Lake Atalanta, Benton County; Lake Ft.
Smith, Crawford County; Lakes Fayetteville and Weddington, Washington
County (Causey).
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Lumbriculidae
Lumbriculus
(Causey)

.

inconstans

(Frank Smith):

Lake Atalanta, Benton County

Branchiobdel lidae
Xironodri lus sp.:
three sites in Washington County (Collins).
This list includes 13 genera and 21 species determined, and two additional
species not identified. Of these, the following may be said, on the basis of
present knowledge, to be common:
Aeolosoma henprichii
Chaetogaster pellucidus
Dero Iimo sa
Dero ob tus a
Nai s e Iingui s
P r is tina aequi se ta
Pristina longi se ta
S ty lar ia lacus t ris
Branchiura sower by i
Limnodrilus c lapar edi anus
Tubi fex tubi fex
In the artificial lakes of Northwest Arkansas the Naididae are found in the more
shallow water, and the Tubificidae in the deeper water. So far as my observations go, the Aeolosomidae are commonly associated with vegetation along shores
of small pools and brooks.
Plate I
Figure 1.--A diagram of the relationships of the Microdrili to other members of the phylum. This merely represents an opinion.
Figure 2. --Diagram of setal types (after Stephenson).
The nomenclature is
often confusing. An S-shaped seta is a crochet, it is also referred to as sigmoid (a). A hair seta (f,g) may be termed capilliform. Needle setae (d,e)
have stouter shafts than hair setae, and tend to be relatively shorter. The
"straight" or "enchy traeine seta (h) approaches the form of the setae in the
Megadrili. If the free end of the seta has a single prong it is uncinate (a);
if with two prongs it is biuncinate (b), unless the prongs are terminal as in a
fish spear, when it is hastiform (e). If there are many prongs it is pectinate
or comblike (c). A nodulus (a, e) may be present along the shaft. Ifbarbs
occur along one side of the shaft it is said to be denticulate (g), but if the
In
barbs are very fine and along both sides of the shaft it is feathered.
studying setae for taxonomical purposes it should be remembered that they are
often worn or broken, and search should be made for what seems typical.
Figures 3-8. --Diagrams of the reproductive organs in the several families,
a = atrium

=

ovary
op s female pore
os = o visac
o

= oviduct
= prostate
gland
ra a rudimentary atrium
sp = spermatheca = seminal receptacle
ss = sperm sac = seminal vesicle
t = testis
vd = vas deferens

ov

p

Figure 3.

Diagram of reproductive segments

of Branchiobdellidae

Plate II
4.
of
This is the
Figure
--Diagram
reproductive segments of Aeolosomatidae.
All the details indicated have been
least satisfactory diagram of the series.
The rudimentary
reported, denied, or questioned by competent investigators!
or missing septa are indicated by dotted lines.
Figure 5.--Diagram of reproductive segments of Naididae (after Stephenson).
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son).

Figure 6. --Diagram of reproductive segments
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of Tubificidae (after Stephen

Figure 7. --Diagram of reproductive segments of Enchytraeidae (after Gal
1oway )
Figure 8. --Diagram of reproductive segments of Lumbriculidae (after Ude).

.
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Tabular Summary of Families of Microdrili

Size
Color

Aeolosomatidae

Naididae

Tubi ficidae

10 mm. maximum
Yellow, orange

Seldom over 25 mm.
Colorless and transparent

Up to 200 mm.
Usually reddish

Freshwater

Freshwater
Present
Well developed
2 dorsal, 2 ventral

green

Habitat
Pros tomi urn
Septa

Setal bundles
Number of setae
per bundle
Types/ bundle

Copulatory

or

globules

Freshwater
Ciliated ventrally
Wanting or incomplete
2 dorsal, 2 ventral
Variable
Dorsal and ventral
capillary setae, often
with slender crochets or
needle setae
None

setae

Clitellum

v-vii, on ventral side
only (questionable)

Testes

v (none, Aiyer)

Sperm ducts

None
None

Male pore
Ovaries
Oviducts
Female pore
Spermathecae
Type of
reproduction

Size
Color
Habitat
Prostomium

VI

Proboscis-like in

some

Well developed or not
2 dorsal, 2 ventral;
dorsal sometimes absent
Indefinite
Ventral bifid crochets,
dorsal hair- and needle
setae

Penial setae in a
number of species
v- vii

X-XlI

v, seldom iv or vii
In testicular segment
In ovarian segment
vi, seldom in v or viii

x

vi

XI

None
vi, unpaired and ventral
1-3 pr. in iii-vi

In testicular

VI

XI

xi
xi

XI

segment

x

Fission almost always

Fission, rarely sexual

Sexual only

Enchytraeidae

Lumbriculidae

Branchiobdellidae

Seldom over 25 mm.
Reddish or whitish,

Up to 185 mm.

Up to 12 mm.

Red

Whitish or brownish

rarely transparent
Freshwater, terrestrial

or

brown

Freshwater
Proboscis- like in some
Well developed
2 dorsal, 2 ventral

Number of setae
per bundle

Variable

2

Types/bundle

Single pointed, without

distinct nodules

Single pointed or double
pointed crochets. Dorsal
setae rarely absent

Not

None

Setal bundles

Ventral usually bifid
crochets only, dorsal
bifid crochets or a
mixture
Few penial setae, not
common

Prominent
Well developed
2 dorsal, 2 ventral

Septa

Usually indeterminate

Parasitic (?) on crawfish
None
Well developed
No setae

(lumbricine)

Copulatory

common

setae

Clitellum
Testes
Sperm ducts
Male pore
Ovaries
Oviducts
Female pore
Spermathecae
Type of
reproduction

xi-xii
xi
xi
xii
xii
xii
xii
v
Sexual only

x-xii
1-4 pr. , ( vi)vii-x(xi)
x
on

testicular

1-3

pr. ,

segment

ix-xii

xi
xi

1-11 pr. , pre-and

v-vii of trunk
1-2 pr. , v-vi of trunk
vi of trunk segments
vi of trunk segments
vii of trunk segments
vii of trunk segments
vii

post-

gonadial
Sexual only, but with
fragmentation and regenera-

v, vi

Sexual

tion
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TOXICITY TO BULL SPFRMATOZOA OF TERRAMYCIN HYDROCHLORIDE
ITS USE AS AN ANTIBACTERIAL AGENT

IN SEMEN EXTENDERS

AND

1

0. T. STALLCUP and H. K. McCARTNEY

University of Arkansas
The control of bacteria in extended bull semen is a matter of majoi concern

because such control may result in increased fertility levels in the semen of
some dairy bulls (1). Considerations
relative to the choice of antibiotic,

antibiotic salt, or complex, and dosages to be employed are of great importance,
especially in regard to semen toxicity, which is a major criterion of the possible usefulness of a material.
Finlay et al. (2) have reported that terramycin has a low degree of toxiciThey
ty in animals, insofar as its use in intravenous injections is concerned.
further reported that this material is bac teriostatic to many Gram-negative
enteric organisms, aerobic spore formers, and Gram-positive cocci.
There are
no data in the literature concerning the use of this material in semen extenders
or its relative toxicity to bull spermatozoa.
Terramycin hydrochloride (Pfizer) was used in this
Methods and Materials.
investigation.
The potency of the material was of the order of 890 meg. of
terramycin per mgm. This compound is stable over long periods of time in
aqueous solutions at pH 2.0 to 5.0 at room temperature.
To make a simulantaneous comparison of the effects of the antibiotic on the
motility of spermatozoa and upon bacterial control, bovine semen samples were
divided into as many equal portions as there were levels of the antibiotic
chosen to be tested plus one sample to be used as a control. Each portion of
fresh semen was extended with 3.0 per cent citrate-egg yolk extender to which
the terramycin had been added. The average dilution rate was 1 part of semen
to 40 parts extender.
The extender semen was then stored at 5° C in 9- ml test
tubes filled to capacity.
Daily microscopic examinations of the extended semen
were made in order to estimate the effects of the antibiotic on the motility of
the spermatozoa therein.
The number of viable bacteria was determined by the plate count method.
Control plates were made to check the sterility of the water used for dilutions,
of the agar, and of the atmosphere in the laboratory during the plating produre. All plates were incubated at 37° C. for 48 hours before counting.
Eighteen semen samples were stored at 5° C in citrate-egg yolk
Results.
extender containing 0, 20, 25, 30, and 40 mgm per 100 ml of diluted semen, the
sample containing no antibiotic serving as a control. The effects of the different levels of the antibiotic on the motility of the spermatozoa after 48
hours' storage, the number of hours' duration of a motility rating of 30 per
cent, and the numbers of bacteria present after 48 hours' storage are presented
in Table 1.
These data indicate that the 20-mgm. level of terramycin is definitely
bactericidal but not spermicidal in action, compared with the control sample.
The 25-mgm. level was found to give better bacterial control than the 20-mgm
level, but it had a spermicidal action both on the numbers of progressively
motile spermatozoa after 48 hours of storage and on the duration of motility.
The 30- and 40-mgm. levels were both bactericidal and spermicidal.
Research Paper 1065 Journal Series, University of Arkansas.
the director of the Arkansas Agricultural Experiment Station.
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TABLE 1. Motility of Spermatozoa and Numbers of Bacteria in Extended Semen
Containing Terramycin Hydrochloride:
Average of 18 ejaculates.
Subject

0

Average motility after
48 hours' storage
Average number of hours
during which 30%
motility was maintained
Average number of
bacteria per ml of
extended semen

Mgni. extender per 100 ml diluted semen
30
20
25

58.6

58.8

180.0

176.0

7,106

1,936

47.4
144
1,020

40

32.6

17.6

81.3

38.8

943

422

The effect of terramycin hydrochloride on the motility of bovine
and upon the control of bacterial growth in bovine semen extended
It was
with citrate-buffered egg yolk and stored at 5° C. was investigated.
found that 20 mgm. of terramycin hydrochloride could be added per 100 ml. of
extender without spermicidal effects.
This level of the antibiotic was highly

Summary.

spermatozoa

bacteriostatic and/or bactericidal.
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CERAMIC USES OF ARKANSAS NEPHELINE SYENITE
HARRY J. REYNOLDS

University of Arkansas
Introduction.

Nepheline syenite has many uses in the ceramic industry.

One of its principal uses is as a flux--a substance that melts at a lower temperature than the other ingredients of a composition.
Arkansas nepheline syenite deposits have not been developed commercially for ceramic use because of
the difficulty of removing objectionable iron-bearing minerals.
Occurrence and Dis tribution. Nepheline syenite is found in Arkansas principally in four localities: Pulaski County just south of Little Rock, Saline
County in the vicinity of Bauxite, Garland County near Potash Sulphur Springs,
and Hot Springs County at Magnet Cove. The total area of the exposed rock is
approximately 13 square miles. The area south of Little Rock is the largest exposure, occupying an area of 6 square miles. This outcrop represents a dome, or
boss, of a much larger, buried batholith. The area is easily reached by paved
highways and railroads which follow the east and west sides of Granite Mountain.
Petrographic Analysis. Arkansas nepheline syenite is a quartz- free igneous
rock composed of potash feldspar and nephelite with various amounts of ferromagnesian minerals. The predominant rock type is a hornblend nepheline syenite
(blue syenite) which comprises some 85 per cent of the total exposure.
A much
smaller exposure is composed of a biotite nepheline (gray) syenite (1).
Experimental Work. The FeoO, content of the raw nepheline syenite is about
4 per cent. Flotation has been used to reduce this content to 0.85 per cent.
The syenite termed "Cottrell fraction" in the following data is that syenite
which has been collected from the dust control system of a plant which crushes
nepheline syenite for use in the manufacture of roofing. "Beneficiated Cottrell" is that part of the Cottrell fraction from which some of the iron has
been removed by wet magnetic separation.
Following is a summary of the work done on Arkansas syenite during the past
year:

Preliminary tests showed that incorporation
Single-coat porcelain enamel.
of Cottrell- fraction syenite produced as good a single-fire enamel as feldspar, with the exception of a slight off-color. The syenite enamel was graywhite; the feldspar enamel was white. The 1.512 index of refraction of the syenite frit was slightly higher than the 1.507 index of the feldspar frit. In the
newer enamels, color stains often are added to produce colors of a wide range so
that the slight off-color caused by syenite would not necessarily be detrimental to the end product.
Floor Tile. Bodies containing feldspar fired to a white color, while the
syenite bodies ranged in color from tan to chocolate brown. The syenite-substituted bodies matured at a lower temperature than the bodies containing feldspar
and had greater strength.
Some of the Cottrell fraction was beneficiated by wet
magnetic separation and incorporated into the same floor- tile composition. The
bodies containing beneficiated syenite had slightly higher strength, lower water
absorption, and equal shrinkage compared with the bodies which contained the
The pleasing brown colors produced by syenite could
Cottrell-separated syenite.
be used to advantage commercially.
Bodies containing Cottrell- fraction syenite substituted
Sani tary Ware.
for feldspar mature at a lower temperature, and have greater strength, lower
water adsorption, and greater shrinkage.
The unfavorable buff color of the
syeni te- containing bodies probably prohibits its commercial use for such compositions, although the modern trend is to use colored glazes on sanitary ware
bodies in preference to the clear glaze traditionally used, making it difficult
to determine whether the body was white or buff before glazing.
Hotel China.
For equal shrinkage and water adsorption, the syenite conThe buff
taining-bodies had higher strength than those containing feldspar.
color and iron specks prevent the use of the Cottrell-fraction syenite for such
bodies, except where a dark glaze is to be applied.
*
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Structural Clay Products.
The addition of Co ttrell- fraction syenite to a
commercial brick clay definitely improves the strength, increases shrinkage,
lowers adsorption, and enriches the color. Additions of 3 and 5 per cent syenite were made.
The 5 per cent addition increased the fired strength approximately 20 per cent. From the data it appears that the glossy bond formed when
syenite is used is stronger than that formed when feldspar is employed.
Electrical Porcelain Bodies.
The Cottrell nepheline syenite body matured
at lower temperatures
than the Lakefield syenite body; however, the beneficiated
Cottrell body matured at the lowest temperature of the three bodies tested.
The dielectric constant for beneficiated Cottrell was highest, followed by
Lakefield syenite and finally the plain Cottrell fraction. There was not a
great deal of difference in dielectric constant
for the first two groups (7.1
and 7.0) but, as there were only two tests run for each group, this information
The color of the Lakefield syenite body was white, while
may not be reliable.
the plain Cottrell and beneficiated Cottrell bodies were gray- tan with brown
specks throughout the body. The data on dielectric strength indicate that
the Co ttrell-beneficiated bodies have the highest values, while the Lakefield
syenites are next, followed by the plain Cottrell fraction.
An effective brown glaze for electrical porcelain can be made with
Glazes.
Arkansas-grade nepheline syenite, Arkansas manganese ore, and brick clay, with
small amounts of fluxing materials. The intensity of the brown glaze can be
varied by varying the amounts of the major components.
Vitrified Grinding Wheel Body. Grinding- wheel bodies of 60-grit AlgOg and
SiC were made using 10 per cent, 20 per cent, and 30 per cent bond, classified as
In general, the porosity of the bodies
soft, medium, and hard, respectively.
made for tensile- strength tests was lower than the bodies made for modulus-ofThe bodies made with nepheline syenite had greater modulus of
rupture tests.
rupture, greater tensile strength, less shrinkage, and higher Rockwell hardness
numbers than bodies made with feldspar, even though both bodies were fired to
the same temperature.
The dry shrinkage of both bodies was the same.
Sewer Pipe. Correspondence with a leading manufacturer of sewer tile indicated that nepheline syenite can be used to advantage.
Conclusions.
Our work indicates that nepheline syenite can be used to some
advantage in all products noted above. There are some in which the unavoidable
buff or brown color, caused by iron, is a disadvantage at present, but with
proper application in colored bodies or colored glazed, Arkansas nepheline syenite can be used.
A considerable saving in raw material and fuel can be realized from the low cost of nepheline syenite and its lower maturing temperature.

, and Harold
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THE EOCENE FLORA OF NORTHERN CROWLEY' S RIDGE, ARKANSAS
ELLIS DOYLE HERRON
Arkansas

State College

In presenting this preliminary paper on the Eocene flora found on Northern
Crowley's Ridge, Arkansas, the geological observations and findings made during
this period of study will be presented.
At a later date a more factual and more
complete paper on this subject will be prepared.
Fossil
Finding One. NE-NW-Sec. 15, T 20 N, R 8 E, Clay County, Arkansas.
flora were found in abundance at this location.
Their matrix was an interstratified tenacious silicious clay. This fossiliferous clay, when first removed,
had a light buff color streaked with shades of dark gray. The gray color, in
all probability, is derived from the carbon of the flora. Minute pyrite crystals are found throughout this fossiliferous clay. The top soil which overlays
it is ferruginous clay, and is slick and sticky when it is wet. The surface of
this section is undulating and is almost free of any major growth due to cultivation and pasture.
The earth in which these strata of fossiliferous clay are
found takes an abrupt drop from the top surface, then slopes at a steep angle to
a creek at its base, giving the appearance
that the earth is sinking rather than
eroding. These strata of fossiliferous clay follow the contour of the steepangled slope.
The fossil leaves from this location have a brown coloration against a
light background of their matrix. One specimen, a fossil replacement of the
leaf, is lanceolate in form, with serrate margin. Another is a fossil replacement of the leaf, and is obovate in form, with the margin entire.
Two other
specimens show both the mold and cast of the same leaf, which is lanceolate in
form, with the margin entire, and which bears a close resemblance to our modern
Willow Oak. Another specimen is a fossil replacement of the leaf, and it is
elliptic in form, with the margin entire.
Finding Two. NW-NW-Sec. 35, T 19 N, R 5 E, Greene County, Arkansas.
The
fossil flora of this section were found in a stratum of hard blue-gray silicious
shale. The topsoil that covers this shale contains sand and small rounded pebbles. This stratum of fossiliferous shale covers and follows the contour of an
entire hillwhich has an area of some 12 acres.
The thickness of the shale varies from 2 inches to 2 feet, and its fracture is uneven. No large pieces of
shale were found. They had been broken into pieces ranging from 2 or 3 inches
to 18 inches in size.
Huge, petrified stumps of the conifer Cupressinoxylon Calli were found in
an upright growing position with this fossiliferous shale forming around the
stumps and above the roots. One stump was removed from the earth and was found
to be some 8 feet in diameter.
None of the petrified logs of this tree are
to be found at this location. Three miles east, however, there are large quantities of such logs.
Many of the fossil flora specimens found at this location are a bright gold
and gray-brown in color against the blue-gray background formed by their matrix.
One, a fossil replacement of the leaf, is lanceolate in form, with serrate margin. Another shows one large leaf and one medium-large leaf. Both are cordate
in form, with serrate margin. Two additional specimens show divided stems or
branches with other branches growing from both sides.
The center of the stems
are branches well organized, indicating a woody center.
Two specimens appear to
be the fossil of a single bud of a Virbinum. One half of this specimen is embedded in each of the two pieces of shale. Numerous specimens appear to be Monocots, and bear a close resemblance to Elodea.
This fossil plant is found in
profusion throughout this fossiliferous shale. Below is a photograph showing
three specimens of this fossil plant.
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Photo by Richard Perry

Fossil Specimens of Mono cots in Fossiliferous Shale
(3 times natural size)

The terrain of this location is undulating and in some places itis thickly
populated with trees and underbrush.
Just east of this location the area is
damp and marshy, and here large quantities of fossiliferous lignite are found,
and a very soft form of coal is found a few feet under the surface.
Threequarters of a mile southeast of this location is a sandstone quarry in which
fossil flora were found. This sandstone is quite soft when first removed, but
after sawing it is placed in the open to harden.
To the southeast of McDougle,
Section 25, T 20 N, R 7 E, Clay County, Arkansas, is a large area containing
A portion of
many highly-silicified logs embedded in an orange- colored sand.
one of these petrified logs measured 18 feet in length and 3 feet in diameter.
These logs fracture easily, and the fracture gives the appearance of having been
sawed.
Fossilized bark also is found in places on the logs. With the evidence
of abundant Eocene fossil flora found on the northern portion of Crowley's
Ridge, and the abundant Eocene fossil marine fauna found on the southern portion
of the ridge, it appears that during the Eocene epoch of the Tertiary period the
northern portion was above water, with the exception of marshy places, while the
southern portion was under water.
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LAMENNAIS AND BAZARD.
PHILOSOPHIES OF THE HISTORY OF CATHOLIC TRADITIONALISM

IN FRANCE AND OF SAINT-SIMONIANISM
GEORG G. IGGERS

Philander Smith College
Modern socialism," Engels explained in his essay, Socialism

Utopian and
originally as a more logical extension of the principles
laid down by the great French philosophers of the eighteenth century." 1 Most
historians of socialism would tend to agree with Engels.
That the French Revolution and its political philosophy were decesive in
the development of modern socialism is beyond question. It is only in the postrevolutionary, post-Napoleonic world that socialism emerged from intellectual
systems, in which it had existed since Plato, to become a mass movement trying
to set its ideas into practice. The demand for economic justice for all is
closely interwoven with the democratic demands of the Revolution. It should not
be forgotten that the major socialist systems of early nineteenth century France
and Germany were conceived during the aftermath of the Revolution and before the
impact of industrialization had made itself felt. Within the socialist movements, which had their origin between the Revolution and 1848, we may distinguish two general trends: One of the trends marks much of French and British
(Fourier, Proudhon, Owen, etc.) attempts to combine the achievement of social
justice, of equal opportunity, and of a relative equality of wealth with the
liberation of the individual from political tutelage.
Fourier and Proudhon
envisaged the elimination of capitalism and of competition by means of co-operative, voluntary associations independent of the state and democratically controlled.
On the other hand, for the disciples of Saint-Simon, although not
Saint-Simon himself, and for the German socialists from Weitling and Rodbertus
to Marx and Lasalle, this demand for economic justice was to be achieved through
the subordination of all social efforts to organized collectivity. Interestingly enough, these totalitarian socialists saw their intellectual ancestry not
in the democratic absolutism of Rousseau or Robespierre but rather in the
counter-revolutionary, organistic theories of the early nineteenth century.
Hegel, the official philosopher of Prussian absolutism in the post- 1815 age--for
whom the state, encompassing all of society, constituted the final demand of
reason in history--marked the point of departure from the concept of society and
the philosophy of history of Marx and Engels.
What Hegel was for Marx, the Catholic Restoration traditionalists ( de
Maistre, Bonald, and Lamennais) were in many ways for the Saint-Simonians.
Like
the Marxists, the Saint-Simonians attempted to transform an anti-liberal social
philosophy in defense of the status quo into a dynamic, revolutionary philosophy.
The political theories of the Restoration traditionalists, of which
those of de Maistre and Lamennais had the strongest influence on the SaintSimonians, arose as a reaction to the events of the French Revolution and the
political principles upon which it was based.
These political principles, the
outcome of what de Maistre and Lamennais (in an oversimplified way) termed the
"philosophy of the eighteenth century," in the opinion of Lamennais and de
Maistre rested upon a fallacy concerning human nature.
The "Declaration of the
Rights of Man and of the Citizen" was based on the presupposition that there was
an automatic harmony operating between the dictates of individual reason and
social welfare. The law of nature which posited the natural rights of man was a
universal, perennial norm of social organization which could be universally
discovered by rational beings regardless of their social milieu or historical
position. Only institutions which were the results of deliberative, rational
action were held to be normative, while those based on history and social forces
tended to violate the natural state of society. From this, liberal and even
democratic implications such as the equality of men as rational beings, the
origin of society in the deliberative action of rational beings, the limitations
of the powers of government to the protection of the natural rights of the
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individual, were drawn. Against the conception of the rational individual as a
responsible and decisive agent in history, Restoration traditionalism posited
the supremacy of historical forces and the vanity of abstract political ideals

which were derived from transcendent norms rather than from concrete social
realities. The attack on natural law philosophy by de Maistre and Lamennais was
carried out actually in the name of an empirical rationalism which pointed out
that the objective observation of society found nowhere universal and perennial
laws of society and human rights, but merely positive laws and concrete social

situations.
The interest of an analysis of the conservative influence on the SaintSimonians lies in the fact that through the merger of the revolutionary idea of
the emancipation of the masses and the concern with social justice of all with
the conservative, anti-liberal conception of society, there came into being a
totalitarian conception of the state which, in several aspects, foreshadowed the
totalitarianism of Left and Right in the twentieth century.
The Social Basis of History. For the Catholic traditionalists, society was
prior to the individual. The individual was conditioned in his actions and in
his knowledge by the forces within which he had his existence. His knowledge of
society derived not from a priori reasoning but from tradition. Every political
event was deeply interwoven with all aspects of society and was the result of
tradition.
De Maistre stressed this in his concept of the constitution which he believed could not be an isolated, abstract description of the political system
but was rather the sum of forces operating in society. 2 Written principles
could only be abstractions isolated from the total organism of society.
Hazard, the main author of the Doctrine de Saint-Simon which attempted to
systematize the philosophy of history of Saint-Simon, also conceived of society
Aware of the work of de Maistre and Lamennais, Bazard held that
as an organism.
the task of the social thinker included the positivistic observation of the
forces functioning in society. Humanity was a collective being and history was
social physiology. 3 Every society was a totality, consisting of the interaction
of these three modes of activity: science, industry, and the fine arts. Every
event, deed, or institution had meaning only within the framework of the particular society.
Not only were all aspects of society interrelated, but each society formed
a system possessing a peculiar character.
The peculiar character of the society
rested upon an idea, a fundamental belief, which expressed itself systematically
in the society and expressed itself in its institutions and its ideological and
artistic articulations.
Without the affirmation of a basic belief, society
Lamennais denoted this underlying idea by the Catholic term,
disintegrated.
"doctrine." While the doctrine had its intellectual expression insofar as it
was consciously held by the members of the society, it was at the same time more
fundamental than conscious affirmation. In the final analysis, the doctrine was
the religion of the society and society was basically irrational. 4 Similarly
for the Saint-Simonians, every society had to rest upon what they termed a
"general doctrine" or a "general idea." There had been no more philosophic
doctrines than there had been general states of mankind. 5 Only as long as a
society rested on a general idea could it be "organic;" otherwise it became
"critical," ceased to be a true society, became chaotic and atomistic in every
from its means of production and distribution to its methods of scienaspect,
tific research.
Classi fication of Historical Epochs.
Societies as defined above by both
schools as systems integrating all human relationships on the basis of one
principle were classified into two types, each of which recurred throughout
history. This classification proceeded by differentiating the basic principles
underlying societies into two types, one conducive to the total organization of
society into an organic unit, the other tending to destroy social coherence.
Both schools distinguished between an authoritarian and a libertarian type of
society.
The first type, representing the authoritarian consequences of the
organic view of society expounded above, was based on the belief that all
to one idea and one authority, while the
aspects of society must be subordinated
second type, that of the libertarian society, denied the exclusively organic
nature of society.
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For Lamennais the true society was the authoritarian, religious society.
Itrealized that unity was the essence of order. Its fundamental doctrine was
accepted by faith; its method of inquiry based on the acceptance of truth by
faith was religious in an antiphilosophic sense.
Its social structure was
hierarchical. In order that there should be unity, each part was to be ordained
with reference to the whole, each individual to the family, each profession in
reference to society, society in reference to the religious order. In it there
must be the sacrifice of the individual's interest to the interest of all. The
authoritarian state took cognizance of the sinful and antisocial nature of man,
incurred in the Fall, feeling that lack of authority would result in the dissolution of society and the war of all against all. The true society was the
hereditary monarchy, resting on a religious foundation and ruling in co-operation with the religious hierarchy and obeying the authority of religion and of
God's vicar, the Pope. 6
Bazard called the authoritarian states of society the "organic epochs."
Organic epochs were marked by the ideas of "legitimacy, sovereignty, and authority.
The mode of knowledge was religious rather than philosophical, and
the goal of social activity was clearly defined.
There was close integration
among all three modes of human activity--science, industry, and the fine arts-which stood in the service of a common social ideal.
As in the Catholic state,
society was ruled by a hierarchy 8 which tried to achieve the total integration
of society.
The spirit of unity was extended from the political to the industrial, scientific, and artistic spheres, in the belief of the social utility of
property and science and the prophetic, social character
of art.
As against the authoritarian, organic state, there existed the liberal
Both Lamennais and Bazard viewed the liberal society as possessing
society.
a negative character.
In the final analysis, liberalism was for them not a
Bazard named the
principle of society, but the denial of organic society.
to indicate their negative character.
In
liberal periods critical epochs,
contrast to the organic epochs which were essentially religious in character,
the critical epochs were philosophic. 9 They were periods of social disorganization in which all social bonds were scrutinized by human reason.
The fundamental sentiment of such periods was egoism, the expression of individualistic
interests.
Lack of organization and planning marked every aspect of society.
The integration of the sciences, industry, and the arts broke down because each
now served particular rather than total social interests.
The hierarchy of the
capable--of the functionaries of society--was destroyed by the force of vested
Disuinterest. The spirit of pacific association was replaced by antagonism.
nity and antagonism expressed themselves in the factualism of science, the lack
of planning and co-operation in scientific research, and in economic competition.
The Evaluation of Modern Society. For both the Catholic traditionalists
and for the Saint-Simonians,
the modern age occupied a precarious place in
history as a libertarian, nonorganic period. For Lamennais, modern society had
its roots in the Reformation.
The Reformation marked the return to the
ancient skeptical philosophy.
The principle of examination had been substituted
for that of authority. The secularization of the culture meant a growing
relativism in respect to social values. The Saint-Simonians praised Lamennais
for having understood the crisis of the modern society which had lost its common
ideals. 11 They extended this critique to an analysis of disorganization in the
various spheres of French life. Modern France, according to Bazard, presented
a society in the post-Pevolutionary phase of the critical period in which the
spirit of the Revolution had been institutionalized. 12 Industry was marked by
lack of planning, exploitation of the workers, competition. The laissez-faire
economy rested upon the belief that personal interest was in harmony with
social welfare, a belief that had been disproved in Bazard' s mind by the several
commercial crises in England and France in the 1810' s and 1820' s. The tools of
production were considered not as social functions but as the private property
of hereditary owners.
The results were inefficiency and the exploitation of the
working class. 13 Science bore the typical mark of the critical period: the
almost exclusive use of the empirical method in place of general philosophical
conceptions and individual research with particular industrial purposes rather
than systematic research in connection with the total productive effort of
society. 14 Art had lost its socioreligious purpose and was considered merely
as a recreation. 15
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Both Catholic traditionalists and SaintSigni ficance of Social Change.
Simonian philosophers of progress agreed that history rested upon a wide social
basis and that the organic structure of society must be taken into account by
the philosopher of history. It was in their conception of the relationship of
the ultimate state of human society to historical change that they differed.
In any final sense, mankind could, of course, not reach perfection upon
earth for Lamennais and de Maistre as Catholics. Harmonic societies for them
were all those which rested upon the Catholic idea of authority and in which the
traditional forces were accepted as true. 16 There was thus a natural harmony
between the true state of society and history insofar as only traditional states
could be organic while revolution had to preclude an organic state.
The meaning

of history for the Catholic traditionalists might, therefore, be summed up thus:
was traditional, i.e. historical, was true; whatever denied the historical was error.
For the Saint-Simonians, on the other hand, history, instead of justifying
existing conditions, was rather constantly transforming the existing conditions
toward perfection. History for Bazard was the course of the total integration
of man into a social organism.
Itpostulated the law of the constant decrease
o f antagonism as the underlying force in society and the constant growth of
17
association.
Universal association,
the final outcome of history, was understood as the subjection of all social and personal activities to social direction.
The evolution of total society did not take place, however, in a
straight line. History developed as a dialectic and represented the collective
human struggle to overcome the inner contradictions in society.
Progress was
achieved through a series of alternating organic and critical periods. The
latter served a historical function in annihilating the principles of the past
order that had become obsolete but ultimately had to give way to a new organic
With the French Revolution, liberalism had fulfilled its historical
society.
function. The task was now to rebuild society on the framework which the
destructive work of the critical epoch and the French Revolution had prepared.
Mankind, according to the Saint-Simonians, stood before the moment of decision
The
because of the social unrest which the culture of liberalism had created.
coming social revolution would bring the universal recognition of the principles
which the study of history had recognized as the destiny of human society. It
was here that the totally-organized and hierarchically-adminstered
state would
The exploitation of man by man would end and the full exploitation of
commence.
the globe begin.
Any further social crises would be impossible because mankind
would have reached its destiny and° society would have come to the end of its
provisional and preparatory state.
The contribution of conservative political theory to Saint-Simonianism is
clear from the above.
From it Saint-Simonianism derived its conception of
society as an all-extending organism, the concepts of the natural inequality
From
among men and of the identity of state and society in normative periods.
here derived, too, the prejudice of the Saint-Simonians against such political
institutions as the rights of man and the citizen and parliamentary government.
But Saint-Simonianism is evidently not exhausted by the conservative idea. This
idea became radical through its merger with certain phases of enlightenment and
revolutionary thought although not with the basic conception of the state and of
From the Revolution, the Saint-Simonians
society of the French revolutionaries.
inherited their concern for the masses.
Saint-Simonianism saw politics not as
The
the concern of a small aristocratic elite but as a concern of the masses.
basic aim of all political action was to be the welfare of the masses, the "most
rapid amelioration of the physical, material, and moral welfare of the poorest
and most numerous class."
Government had to rest upon the willof the people
but this consent gave rise neither to an electoral regime which, according to
the Saint-Simonians, would enslave the competent minority to the incompetent
majority, 1 nor to the formation of social policy by public opinion. Public
opinion was rather to be educated by the state and would automatically concur
with the decisions of the leaders of the state, the superior men who acted in
the interest of the people. At the head of the state was to stand the grand
homme, the great man or living symbol, who emerged not from the ballot box but
presented himself to the masses and governed through his charismatic qualities. 20 From the eighteenth century and the Revolution, Saint-Simonianism alr.o
inherited the attempt deliberately to subject nature and society to human rea-
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son.
But while reason for the phi losophes was an epistemological guide to
universal social truth, "substantial reason," as K. Mannheim
" would call it,
reason for the Saint-Simonians was merely functional reason, a neutral instrument to total social planning.
The organic society was ultimately one in which

between superiors and inferiors was regularized and the
legitimate rulers restored, as for de Maistre and Lamennais, but one in which
all phases of social and personal behavior were subjected to planning. The
religion of the Saint-Simonians, often misunderstood as vague mysticism, sensualism, or neo-Catholicism, provides the key to their radical totalitarianism by
setting all social reality within God and identifying the hierarchical church
with the state.
The essence of religion was contained in its being a link
between man and society rather than in its conception of the deity. 21 Medieval
Catholicism through its hierarchy constituted the truest religion yet, but it
was incomplete in excluding from the hierarchy the realm of Caesar, the socioeconomic world. 22 Because religion, morality, and society were fused in this
system, religious ethics in the traditional Judaeo-Chris tian sense lost their
position of independence and consequently the character of independent sanctions
as did the appeals against the constituted powers on the basis of natural rights
and conscience.
All spheres of cultural activity thus became subject to political control. This control was to be vested in the hands of a hierarchy of the
capable, a bureaucracy of experts, equally open to all citizens on the basis of
merit. Three hierarchical structures were to be established, each to be guided
by a general priest--the industrial and the scientific priest being subordinated
to the general or religious priest. 23 The task of the general priest was to see
to it that the basic philosophy of the society was applied to all aspects of
human behavior. This basic doctrine was not known through reason but rather
became revealed to the leadership through intuition when the historical moment
had become ripe. 24 The scientist could only confirm this doctrine or discover
details of nature. It was not his task to discover the fundamental social
truths.
The task of the general hierarchy, in addition to the regulation of the
other two, extended to the spheres of art in the widest sense and to education.
Art rather than being concerned with the recreation of the aesthetic for its own
sake stood in the service of society, had to have a social content, and was to
popularize the basic doctrines of .the society. 2^ The Saint-Simonian state was
not to be understood as a mechanical despotism based upon force but rather as
a family, an organic unit, in which the inferiors and superiors were bound by a
feeling of comradeship, as in the army. For the anormal situation in which the
charismatic appeal of the rulers did not suffice, the courts and penal institutions were retained. 26 The absolutism of the state was reflected in the demand
for the abolition of jury trials and lawyers, since true justice could be meted
out only by superiors who had greater insight than the tried. 27 The totalitarianism of the state became evident in the provision for industrial, scientific,
and artistic courts to deal with crimes in those spheres.
The prisons, rather
than being penitentiaries, were to be regarded as reeducation centers in which
the criminal against society was to be readjusted industrially, scientifically,
or artistically to the doctrines and functions of society. 28
It should be evident from the above that the socialism of the Saint-Simonians was basically different from the extension of democratic principles to the
problems of an industrial society and went far beyond the conception of society
of the Restoration counter-revolutionaries in authoritarianism and totalitarianism.
The social philosophy of the Saint-Simonians foreshadowed basic components of the practice of twentieth century totalitarianism of the Right as
well as of the Left. In Fascism, too, a conservative doctrine of the state,
which emerged as a defense against the forces of the revolution in the early
nineteenth century, has merged with the appeal to the masses and the use of
planning reason to apply a basically- irrational doctrine to all aspects of
society.
The practice of contemporary Bolshevism recognized the need for the
present, at least, of inequalities in distribution and of hierarchical control.
For both Fascism and Bolshevism, the state became the supreme reality and not
only economics and politics but all phases of cultural life were subordinated
to the fundamental political and philosophical ideology.
In Fascism as well
as in Bolshevist practice, even if not Communist theory, there emerged the
concepts of the charismatic ruler and the organic nation.
It is, therefore, not
surprising that Mussolini held the Saint-Simonians in high esteem.
The arguments against liberal democracy in Mussolini's article,
The Doctrine of Fas-
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"

cism, 29 in the Enciclopedia Italiana, while probably indirectly influenced by
the Saint-Simonians, resembled strongly the attacks of the Saint-Simonians on
the abstract equality of voters, the confusions of parliamentarianism, and the
rule of the unable majority.

It may not be entirely unjustified to say that in
more in accord with Saint-Simonian than
with orthodox Marxist theory, which held to a basic equality among the working
class and the ultimate abolition of coercion. That the Soviets are sensing
this, at least, becomes apparent in the "Introduction" by V. P. Volgin to the
post-World War IIRussian translation of the Doctrine de Saint-Simon, published
by the Academy of Science of the U.S.S.R. 30 Volgin, unlike earlier Marxist
writers, sharply distinguished between the doctrines of Saint-Simon and of his
disciples and stressed the authoritarian elements in the political doctrines of
the latter, although judging their system in the end as an autocracy of the
intelligentsia sharply to be distinguished from Soviet proletarian democracy."31 In two important points, Volgin deviated from the orthodox interpretation of the Saint-Simonians as Utopian socialists set forth by Engels in SocialVolgin saw the main contribution of the Saintism, Utopian and Scientific.
Simonians to scientific socialism in their recognition of the need of inequality within a socialist community, since a state which would not recompense on
the basis of merit would undermine the very spirit of equality. 32 While Engels
had seen in Saint-Simon (not to be confused with his disciples) a forerunner of
the "scientific" socialist principle of the withering away of the state, 33
Volgin termed "utopian" any socialist theory which held that social co-operation
was possible on the basis of voluntary assent and neglected "the inner organized
social force which appears in the scientific communism of the proletariat." 34
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THE DECLINE OF THE FLORENTINE REPUBLIC
FROM THE INVASION OF HENRY VII

TO THE DICTATORSHIP OF WALTER OF BRIENNE
MARVIN BECKER

University of Arkansas
From the time of the invasion of Henry VII to the establishment of the
dictatorship of Walter of Brienne (1311 to 1342), there was a significant change
in the Florentine pattern of political organization.
This change was not
confined exclusively to the City of the Red Lily, but was general throughout
Northern Italy. The commune, the medieval political form, was declining. The
Principate was emerging as the dominant governmental form. The simple dictatordisplaced the complex communal
ship (the proto- fasci sm of the Renaissance)
organization of the Middle Ages. Each of the several classes and political
parties of Florence demonstrated an incapacity for governing.
The orders of the
fourteenth century each tried to establish a government.
The nobles, the
guildsmen, the artisans, and workers each failed like their mythical ancestors-the Romans of the last days of the Republic--to establish a stable government.
They were unable to solve the problems which threatened the continuation of
Republican life. 1
Pasquale Villari writes:
We have only to draw a comparison between the
Divine Comedy and the Decameron to instantly perceive how deep was
" the change a
few years had wrought in the spirit of Florence and of all Italy. 2 This shift,
according to Villari, is one from the medieval to the modern "wel tanschaung.
This transition is paralleled by a political shift from commune to dictatorship.
Alfred von Martin and Sapori, both believe that the cultural and political
3 However, two pieces of
literature are
aspects are inexorably bound together.
to support this contention.
Caggese, the greatest of the modern historians of Florence, believes that
the period from Dante to Boccaccio demonstrates "how little control men have
over events." 4 The political and cultural changes during this period were
caused by a strange and inexorable destiny which pressed on all parties and
classes.
The authorities are agreed that there was a significant change.
It
would be something less than valid methodology to accept
destiny" as the causal
5
force.
Are there any more concrete reasons for the change? The answer to this
question will be the chief concern of this paper.
At the beginning of the fourteenth century the Italian communal republics
seemed secure.
Florence had been under the rule of the greater guilds for
almost 20 years.
The Empire, the greatest threat to the Republic of Florence,
had declined immeasureably from the days of Frederick II(1250). The Papacy had
lost a great deal of its secular power and was virtually a prisoner of the
French King. 7 With the decline of these two forces one would expect the republic of the Red Lily and the other Northern Italian towns to emerge as selfconstituted, republican states.
Why was it that the converse of this occurred?
The late Middle Ages witnessed the triumph of the commune of Florence over
feudal nobles. A republic of wealthy merchants and guildsmen supplanted the
aristocracy.
The City of the Baptist was a commercial and manufacturing town. 8
Who was better prepared to maintain that level of prosperity--even increase it-than the haute bourgeoisie?
Instead of peace, trade and security at the moment of its triumph, with its
old enemies lying prostrate, the city was beset with civil war, depression and
dictatorship. How can the decline of Florence's political institutions be
Why did the old pattern break at the "apogee" of its apparent
explained?
political success?
The prosperity of Florence, at the end of the thirteenth century, was
predicated on the wool industry. Fundamental to the wool industry were agrarian conditions.
It was essential to the woolen guild (arte di lana) that there
not

sufficient evidence
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be an improvement of the breeding of sheep and an improvement of pasture land. 9
After 1293, the control of the government came into the hands of the wealthy
families. These powerful merchants exhibited little concern for the state of
agriculture and animal husbandry.
What is even more significant, they were
As a result, there
actually contemptuous of the plight of the sheep raisers.
was very little opportunity for the Florentines to compete with the higher
quality wool production of the Low Countires and England.
Giovanni Villani,
historian and man of finance, noted that in 1308, there were 300 factories in
Florence producing 100,000 pieces of wool cloth each year. But the cloth was
"coarser" and of only half the value, having no intermixture of English wool,
which indeed they had not yet learned to dress. By 1338, there were only 200
factories turning out from 70,000 to 80,000 peices of cloth each year. There
was a decline in production of from 20 to 30 per cent over a 30-year period. 10
The Wool Guild and Guild of Calimala (dressers of foreign cloth) were the
chief organizations of producers in early fourteenth century Florence. Both
Italy was unable to provide
were in a difficult position during this period.
them with raw materials. In addition their northern competitors were cutting
into their markets. Villani makes no mention of the Silk Guild in his minute,
survey of Florentine industry in 1338. Professor Villari assumes that the Guild
must have made little progress during that period. 11 As the woolen industry
began to decline, Florence began to concentrate its energies on the silk industry. The markets which had been lost to woolen manufacturers
were being reconquered by the silk manufacturers.
However, the expansion of the manufacture
of delicate gold and silver brocades did not occur until the beginning of the
fifteenth century. There was a period of almost 100 years during which the two
principal industries declined with no other industry to compensate for the
economic losses.
In the matter of banking, we witness a similar decline during the first
half of the fourteenth century. 12 Stemming from their commercial relations with
the markets of the East, large amounts of specie found their way into the hands
of Florentine bankers. 13 The development of letters of exchange (lettere di
cambio), the shares of the public debt (luoghi del Monte) and the evolution of
branch banking were all symptoms of- the advance of finance capitalism in Florence. 14 In 1338 the Guild of Money-changers maintained about 80 money-changers'
stalls.
Florence coined about 350,000 to 400,000 gold florins. 15
The solvency of the Florentine banking system was dealt a serious blow in
1339. On May 6, Edward IIIof England suspended payment of his debts to the two
largest and most powerful financial houses, the Bardi and the Peruzzi. The loss
was about three times the total annual revenue of the Republic. 16
The decline of the wool industry and the bankruptcy of the money-changers
between 1339 and 1342 were serious factors in destroying the commune. However,
it was in the area of foreign affairs that the Republican constitution of the
medieval commune suffered its deepest hurt. Communal institutions were incompatible with the Florentine imperial ventures of the fourteenth century. The
commune was organized on a bourgeois base.
The burghers had united against the
nobles and broken their power. When they took over the government, they did not
have the military power to pursue imperialistic ventures. Military expansion
had to be carried out by mercenaries.
Citizen armies made up of the bourgeoisie
were less than ineffectual against their well-armed feudal opponents.
Warfare
in the fourteenth century required a lifetime of training and practice. 1^
The military history of the period was begun by the invasions of Henry
VII.18 Florence joined with Robert, King of Naples, and the burghers granted
him lordship of the city. 19 The failure of Henry to break the resistance of the
Florentines and his untimely death, removed the threat of the Germans from the
banks of the Arno. 20
The imperial party had lost a chief ( un condottiero ispirato dalla divini~
t a") , but they had not lost hope of carrying on the war. Under Uguccione del la
Faggiuola and then Castruccio Castracani the enemies of the city of the Red Lily
began to gain the upper hand. The burghers and their allies were defeated at
Montecatini in August of 1315. 21 Ten years later, the Republic was defeated at
the battle of Altopascio. 22 So great was the fear of the merchants for the
safety of the city, that they offered Charles, the son of their ally, the King
of Naples, lordship over their city. He agreed to provide the military power
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requisite for their security and survival. 23 His dictatorship in itself is not
significant. He did little to change the power relationships in Tuscany.
What
is significant is the breakdown of the old communal pattern. The old Republican
constitution was adequate for ruling an isolated, prosperous medieval community.
It was not suitable for governing a state fighting for markets and survival.
The next 15 years of Florentine history were directed towards one purpose-the conquest of the city of Lucca.
Villani and many others believed this policy
to be foolish. 24 They felt it had been engineered by the Florentine capitalists
who drove the Republic to this acquisition under the pressure of private interests of state.
It seems doubtful that the Medici, Strozzi, Peruzzi, Albizzi,
Mozzi, etc., consciously betrayed their state. Rather they failed to gain the
city of Lucca because they did not have the experience to conduct a prolonged
war. 25

Not only were their imperialistic ventures doomed to failure, but in October of 1341, the city of Lucca fell into the hands of the loathed Pisans. 26
The merchants had not only lost the prize to the city, and Dante prayed the
raging Arno might inundate and drown every man and mouse, 27 but also they had
contracted a debt of 800,000 golden florins. The merchants were bankrupt by
Edward's repudiation of his debt. The wool industry had declined. And now the
city treasury was empty. 28
The danger of Henry VII's invasion had brought on Robert of Naples' lordship over the city. 29 The threat of Castruccio had occasioned the dictatorship
of the Duke of Calabria. 30 Finally the capture of Lucca by Pisa, caused the
dictatorship of the Duke of Athens. Evidently the external politics brought
about sinister repercussions in the internal affairs of the Republic. Dictatorship, while it is the form of government least compatible with medieval communal
institutions, appeared to be the only one in accord with the realizations of the
objectives of Florentine imperialism. 31
Dictatorship was supported by all groups in the society. 32 No group
manifested faith in republican institutions in this time of crises.
There was
no opposition to the dictatorship of the Duke of Athens. 33 There had been
equally little opposition to establishing a Signoria in the past. The threat
of Pisa, or Henry VII, or Castruccio, quickly broke the citizens' loyalty to
"liberal institutions." Safety and self-interest were of more significance than
abstract principles of government. 34 The Commune was incapable of solving the
complex foreign and domestic problems. Perhaps a foreign dictator could succeed
where the domestic oligarchy had failed. Caggese and Sapori both suggest that
the most fundamental reason for the decline of republican institutions, was
moral. 3^ We witness the decline of the communal morality. The minds of the
Florentines are enclosed; they are invaded with a sense of indefinable disgust,
of languor, of prostration and pessimism. 36 As a sanguine expectation for a
solution to the problems disappeared, so in direct proportion did the traditional morality of the classes. 37 These conjectures cannot be proven by the historIn the face of military and financial bankian--they can only be suggested.
ruptcy, we assume the emergence of the morality of Proto-Fascism!
The destruction of the feudal economy, law and culture by the artisans, speculators and
workers, had been going on since the eleventh century.
The end of the old
morality and emergence of the new, does not appear as definitive as the two
historians have suggested.
It may be a factor. Guelph versus Ghibelline, civil
war between the nobles and the haute bourgeoisie,
the papacy of Boniface VIII,
and the failure of the invasion of Henry VII, had undoubtedly disillusioned more
Florentines than Petrarch and Dante. 38
More significant perhaps than the decline of the old morality is the
decline of the medieval state. Through the late thirteenth and early fourteenth
century, the Commune began to lose its original quality.
Conflicts between
Parties offered neither a program
various groups had no theoretical basis.
aiming toward stability nor toward a new society. The state was controlled by
the strong, who were motivated by a hatred and a desire for revenge against the
weak. Laws and elections were used to expell numerous citizens.
The exiles and
rebels were then willing to resort to any means to overthrow the state. The
dominant groups and the exiles became ever more partisan. Neither group was
concerned with the interests of society. Each group tried to turn the situation
to its own advantage.
This was especially true of the nobles. They hated and
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despised the Ordinances of Justice which curtailed their power in the state. 39
They bided their time until the attention of the government was diverted by some
foreign threat. Then they would establish a government to their liking. Other
The state appointed special police
groups were anxious to subvert the state.
to serve to check the Ghibellines. 40 The division between the Guelfs and the
Special
Ghibellines had created two Republics, two communes, and two societies.
courts had to be established to administer the property of certain of the
rebels. 41 In 1316, King Robert of Napes, sent a vicar to Florence. He was to
be given power for 8 years to dissolve the enmity between citizens. 42 Not only
did the vicar fail to dispel hatred between citizens but he had to face the
redoubled enmity of the citizenry against his master, King Robert. 43
Equally as decisive was the hatred of the little people {popolo minuto)
against their social and economic superiors. 44 The people were continuously in
arms because they were afraid of the armed magnates and exerted great pressure
on the state. 45 The heavy taxes fell on the popolo minuto and they were seriThey were infuriated by a foreign policy which cost them
ously dissatisfied.
so many of their hard-earned florins. They, along with the other groups, were
For to them, a dictatorship
willing and anxious to support a dictatorship.
might prove to be the only way out--economically and politically--of the dilemna
in which they found themselves.
The history of the city during the fourteenth century, demonstrated the
instability of political institutions. Economic and social shifts occasioned
It was not until the fifteenth century that political
political changes.
Perhaps this was due less to the Medici than to the
stability was achieved.
permanence

of the social and economic fabric.
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AN APPARATUS FOR THE MEASUREMENT
OF ATMOSPHERIC ATTENUATION OF LIGHT
JOHN E. LYON and ROBERT D. TOOSLEY

University of Arkansas

The attenuation of white light is demonstrated by the masking of street
lamps by fog, by the loss of illumination during overcast weather, and in other
ways. Many attenuation studies of white light have been made and transmission
values for air having varying degrees of moisture content are available in the
literature (1). Among such values, for example, are 93 per cent transmission
per 1,000 yards in exceptionally clear weather and 0.0005 per cent transmission
per 1,000 yards in heavy fog (1). Less apparent, however, is the variable attenuation of certain wave lengths in relation to properties of the atmosphere,
Such phenomena are demonstrated by the
such as particle size and concentration.
apparent blueness of the sky produced by selective scattering of the shorter
wave lengths of the sun's radiation and by the redness of the sunrise and the
sunset
when the greater atmospheric mass through which the light must travel
causes almost total scattering and absorption of the shorter wave lengths.
The
degree of this selective attenuation is subject to investigation and correlation

to meteorological conditions.
In the present studies (2) it became apparent that more dependable values
of selective attenuation should be obtained.
A light source and a spectrophotometer, 350 feet apart, constitute the basis of the Ordark system for obtaining these values. The short light path provides a homogeneous atmosphere.
The
A 200-watt incanrange is free of obstructions and light-reflecting surfaces.
descent projector bulb is the source and it receives power from a Sorenson
voltage regulator. The spectrophotometer consists of a lens 4% inches in diameter with a long focal length, a Bausch & Lomb constant-deviation
spectroscope,
a photomultiplier tube and its power' supply, and a General Electric microampere
recorder.
The slits of the spectroscope are placed at the focal point of the
lens, with the arm parallel to the optical axis. The entire assembly is mounted
rigidly on a concrete and steel base.
The photomultiplier tube is fixed over
the eyepiece and its output is fed directly into the recorder.
During each series of determinations of the light reaching the spectrophois changed so that the wave length of
tometer, the setting of the spectroscope
the light striking the photo-sensitive tube varies from 4,000 A to 7,000 A.
Permanent traces of the tube output are made on the recorder, together with
As stray light is not entirely eliminawave-length notations by the operator.
ted, a background determination is made for each test. This is done by repeating the spectroscope settings with the light source turned off, the difference
between the two sets of values being that part of the illumination contributed
by the light source. The maximum background observed to date was approximately
10 per cent of the response to the light source. Interpretation of the curve
is made, expressing the response in terms of luminous flux.
The most important component of this apparatus is the photomultiplier tube,
which offers appreciable response to very low light levels. The tube chosen for
this work has a photosensitive surface with a so-called S-4 response which extends from 3,000 A to 7,000 A, with peak response near 4,000 A. The tube operates on the secondary-emission
principle, with successive stages of multiplication. The latter is accomplished through electron acceleration by increased
Two models of tubes having an S-4 response have
potential in each of 9 stages.
been tried: the 931-A, which is suitable for moderate light levels, and the
1P21, which is best for low levels, because of its extreme sensitivity. The
1P21 has been adopted because it allows narrow band-setting of the spectroscope.
Instability resulting from the high sensitivity of the 1P21 to stray light
and its susceptibility to fatigue, and the change in tube response caused by
fluctuations in the voltage on the stages are primary problems. Sensitivity
became less bothersome when adequate shielding against random light was provided by placing the slits of the spectroscope
at the focus of the lens. Voltage
fluctuations were reduced to a minimum by use of an electronically-regulated
power supply.
*
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This apparatus functions satisfactorily over the range tested.
Absolute
attenuation values could not be obtained from the comparatively few tests made
to date.
However, such values can be determined with this spectrophotometer
when a sufficiently large number of tests have been made during varying weather
conditions.
References
(1) Illuminating Handbook for 19U7.
(2) Ordark Research Project.
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THE SOCIAL STANDING OF ONE HUNDRED OCCUPATIONS
EVALUATED BY SOUTHERN STATE COLLEGE STUDENTS
NORMAN F. WASHBURNE

Southern State College
An individual's occupation is one of the most important factors determining
his social and economic status. However, sociological literature is not quite
clear as to just what status a given occupation accords an individual.
Warner, Meeker, and Eells 1 in evaluating the occupations of people who are
to be accorded a socio-economic
status score use an 8-point scale which gives
professional men and managers of large businesses, the rating 1; semi-professional men and managers of large businesses, and high status white-collar work-

the rating 2; managers of medium-sized businesses and medium-status whitelow status whiteworkers, the rating 3; managers of small businesses,
collar workers, and skilled workers, the rating 4; managers of small businesses
and apprentices, the rating 5; semi-skilled workers, the rating 6; and unskilled
workers, the rating 7. However, when the problem of investigating the socioeconomic status of Southern State College students was approached, it was found
that such a scale was not applicable either to the students or to their parents.
For instance, it is quite obvious that, at least in Arkansas, a doctor, (a professional man) has considerably higher status than a high-school teacher, another professional man. Furthermore, it was also found that because of the social
and economic structure of southwestern Arkansas it is often impossible to clasFor instance, where would
sify an individual in any one of Warner's categories.
one classify a man who makes part of his living buying and selling land, who
has a couple of farms with tenants on them, who has an insurance office, and who
sells used cars on the side? This is an exact description of the occupation of
the father of one of our students.
There is no category listed by the United
States Census or The Dictionary of Occupational Titles or by Warner's scheme
which adequately describes him.
Therefore, as a step in the development of a socio-economic scale to be
applied to our students, we investigated the social standing of occupations
The method described by
representative of those of the student's parents.
North and Hatt was used 2
Briefly, the method is this: A truly random sample of 118 Southern State
College students was asked to rate each of 100 occupations, which were chosen
The questionnaire was given to
as representative of those of their parents.
small groups and it consisted, in part, of four pages listing occupational titles.
The pages were collated in varying order, so as to minimize bias. The
respondents were asked to evaluate each of the occupations as "excellent, good,
average, somewhat below average, or poor", in accordance with a five-point rating scale. The instructions read:
For each job mentioned please pick out the
statement which best gives your own personal opinion of the general standing
that such a job has.
1. Excellent standing; 2. Good standing; 3. Average
standing; 4. Somewhat below average standing; 5. Poor standing; or X, "I don't
The respondents were warned not to evaluate a
know where to place that one.
job according to someone who held it. The ranking of the occupations was made
possible by the use of the procedure that North and Hatt devised: When the
don't know" answers were excluded, the scoring theoretically allowed a maximum
of 100 points for any job receiving only excellent ratings and a minimum of 20
points for any job that was unanimously rated as poor.
Table 1 illustrates what the various scores mean.
It is a list of 100 occupations, ranked according to the score received.
The "owner of a large manufacturing plant" and "doctor tied for first
place with a score of 95 points.
78.6 per cent of the students rated "owner of
a manufacturing plant," excellent; 16.2 per cent of the students rated it as
good; 3.39 per cent rated it as average; none rated it as below average; none
The resulting
rated it as poor; and the 1.71 per cent answered don't know.

ers,

collar

.
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TAELE 1. Social Standing Scores of 100 occupations
as evaluated by Southern State College Students

Occupation

Somewhat
below
average
per cent

Don' t
know

Excellent
per cent

Good
per cent

Average
per cent

78.63
63.05

16.24
14.41

3.39
1.69

0
0

0
0

1.71
1.69

95
95

57.63
59.32
50.00
51.69
43.22

34.75
36.44
37.29
41.18
45.76

2.54
1.69
9.32
5.88
4.24

.85
1.69
0
.85
.85

0
.85
.85
.85
.85

4.24
0
2.54
0
5.08

91
90
88
88
87

36.75
42.74
32.48
51.28
40.17

55.17
44.07
58.12
29.91
47.86

7.76
6.84
5.13
11.97
10.26

0
1.71
0
2.56
.85

0
1.71
.85
2.56
0

.85
2.56
3.42
1.71
.85

86
86
85
85
85

37.61
36.44

53.85
50.85

5.13
11.02

3.42
0

0

0
.85

85
85

32.48

49.57

11.97

.85

0

5.13

84

23.08

52.14

16.24

2.56

0

5.98

84

21.93

47.89

14.91

2.63

1.75

80

20.66

56.20

20.66

.82

0

.82

80

17.80

58.47

20.34

1.67

0

1.67

79

19.49

55.08

22.03

1.69

0

1.69

79

11.86

63.56

21.19

0

0

3.39

78

8.47
15.13

67.80
52.94

16.10
28.81

2.54
1.69

0
.85

5.08
.85

76
76

11.86
13.45

49.15
47.90

33.90
29.41

2.54
5.04

0
.84

2.54
3.36

74
74

6.67
16.95
14.41
6.75
15.38
12.71

53.33
44.07
50.00
46.61
44.44
35.59

35.83
33.05
27.97
29.66
32.48
47.46

.83
1.70
4.24
1.69
5.13
1.69

0
2.54
3.39
.85
1.69
0

3.33
1.70
0
11.86
.85
2.54

74
74
74
73
73
72

8.40

48.74

34.45

7.56

0

.84

72

5.08
6.78
3.39

24.58
45.76
49.15

23.73
39.83
41.53

2.54
5.93
3.39

0
0
0

44.07
1.70
2.54

72
71
71

2.71

34.75

41.53

5.93

2.54

2.54

71

2.54
8.55

53.59
39.32

39.83
47.86

2.54
3.42

.85
.85

.85
0

71
70

Poor
per cent

Score

per cent

Owner of large
manufacturing plant

Doctor
Owner large
plot oil land
Dentist
Chemist
Lawyer

Petroleum engineer
Owner large
retail store
Mayor large city
Civil engineer

Minister
Owner large hotel
Owner large
wholesale business
College professor
Certified Public
Accountant
College
administrator
Superintendent
of schools
Owner large
plot timber land
Owner large farm
worked by tenants
Owner medium
sized plot oil land
Manager local office
large corporation

Manager of
manufacturing concern
Veterinarian
Owner small
manufacturing plant
County judge
Manager of
(supermarket
Airline pilot
School principal
Real estate broker
Postmaster
Accountant
Owner large farm
who works land himself
Roadmaster
on railroad
Mayor of small town
Foreman in factory
Owner small plot
oil land
Manager of
department

store

Livestock farmer

.85

.88

--Continued
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TABLE 1 -(continued)

Occupation

Railroad engineer
Electrician
Cotton buyer
Insurance broker

Bookkeeper
Foreman of housing
construction
Wholesale oil
equipment salesman
Owner medium plot
timber land
Manager of
wholesale business
High school teacher
Owner medium farm
worked by tenants
Owner small
wholesale business
Auto salesman
County tax assessor
Undertaker
Sheriff
Wholesale farming
equipment salesman
Foreman in
machine shop
Primary school teacher
Chief of police
small town
Secretary
Manager of farm
Machinist
Owner small
retail store
Rig builder
Millwright
Carpenter
Stenographer
Furniture salesman
Foreman highway
construction
Owner small grocery
Owner small farm land
worked by tenants
Wholesale grocery
salesman
Plumber
Post office clerk
Postman
Barber
Policeman
Owner small auto
repair shop

Good
per cent

Average
per cent

Somewhat
below
average
per cent

4.24
7.63
5.93
5.08
6.78

43.22
35.59
38.78
32.30
35.59

40.68
50.84
40.18
44.07
53.39

7.63
5.08
2.54
1.69
4.24

.85
.85
4.24
.85
0

1.71

37.61

50.43

5.13

0

.85

39.32

48.72

2.54

3.39

37.29

50.00

7.63

.85
9.32

38.29
26.27

52.24
54.24

4.24

24.58

1.69
.85
5.93
6.78
6.78

31.36
28.81
22.88
29.66

Excellent
per cent

Poor

Don' t
know

per cent

per cent

Score

2.39

69

0

69

7.63
16.10
0

69
69
69

5.13

68

7.69

68

0

1.69

67

4.24
8.47

0
1.69

5.08
0

67
67

63.56

5.08

.85

1.69

66

7.63
7.63
4.24
9.32
8.47

0
2.54
4.24
6.78
2.54

.85

2.1.19

59.32
60.17
55.93
39.83
57.63

6.78
7.63
3.39

65
65
65
64
64

.85

23.73

67.80

5.00

.85

1.69

64

1.71
7.69

23.08
19.66

62.39
56.41

9.40
11.97

0
4.27

3.42
0

64
63

3.39
2.56
2.54
2.54

28.81
19.66
21.34
18.64

50.00
70.09
62.71
61.02

9.32
5.13
11.02
11.86

5.08
1.71
1.69
.85

3.39
.85
1.60
5.08

63
63
62
62

.85
4.24
.83
2.54
2.59
0

22.22
19.49
8.33
14.41
13.79
14.41

65.81
39.83
22.50
65.25
68.97
72.88

10.26
11.86
8.33
15.25
12.93
10.17

.85
4.24
0
.85
.86
.85

0
20.34
60.00
1.69
.86
1.69

62
62
61
61
61
61

.85
2.54

18.80
10.17

59.80
70.34

17.09
16.10

1.71
0

2.56
.85

60
60

.85

17.95

63.25

14.53

3.42

0

60

1.70
1.69
1.71
2.54
.86
.86

9.32
14.41
10.26
10.7
12.07
12.93

72.03
61.02
60.68
64.41
65.52
62.79

11.03
20.34
23.93
21.19
14.66
18.10

2.54
1.69
.85
.85
4.31
2.59

3.39
.85
2.56
.85
2.59
1.72

59
59
58
58
58
58

.85

8.55

64.94

21.37

2.56

1.71

57

0
2.54
0
1.69

10. 17
16.10
9.24
8.47

65.25
44.92
62.18
53.39

19.49
16.95
26.89
29.66

3.39
8.47
.85
5.00

2.54
11.02
.85

.85

n

Salesman in clothing
store

Pipe fitter
Salesman in shoe store
Painter
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TABLE 1 --(continued)

Occupation

Owner small plot
timber land
Factory worker
Shoe saleslady
Owner liquor store
Seamstress
Sewing machine
operator

Truck driver
Roughneck

Owner small farm
who works land himself
Construction worker
for highway
Row crop farmer
Lumberjack
Worker in cotton gin
Door-to-door saleslady
Tenant farmer on shares
Waitress
Hod carrier
Saw filer
Day laborer on farm

Excellent
per cent

Good
per cent

per cent

Somewhat
below
average
per cent

.85
1.69
0
1.69
1.69

5.98
5.08
2.54
15.25
3.39

62.39
52.54
52.54
38.98
43.22

19.66
30.51
33.90
16.10
36.44

7.69
6.78
5.78
25.42
8.47

3.42
3.39
4.24
2.54
6.78

54
53
52
50
50

1.68
.84
.84

5.88
.84
5.04

35.29
43.70
40.34

41.18
42.04
33.61

10.08
10.92
14.29

5.88
1.68
5.88

49
48
48

1.69

2.54

38.98

42.37

11.68

2.54

48

.85
1.69
.85
0
0
0
0
0
.85
0

4.24
4.24
1.71
1.72
1.68
1.71
1.71
0
1.69
.85

38.14
29.66
32.48
21.55
1.76
21.37
15.38
7.63
16.10
4.20

38.98
29.66
43.59
54.31
57.98
37.60
54.70
11.86
41.53
42.20

14.41
20.34
15.38
19.83
20.17
35.90
26.50
10.17
31.36
47.05

3.39
14.41
5.98
2.59
2.52
3.42
1.71
70.34
8.47
5.88

47
45
45
41
40
38
38
38
38
31

Score based on 118 responses

when all Don'

Average

t

Don' t
know

Poor
per cent

per cent

Score

Know answers were excluded.

score was 95. At the opposite end of the scale stands "day laborer on a farm."
None of the students rated it as excellent; less than one per cent rated it as
good; 4 per cent rated it as average; 42 per cent rated it as somewhat below
average; 47 per cent rated it as poor; and 5.88 per cent said they didn't know.
The resultant score was 31.
Both the median and the mean scores for the occupations fell at 65 occupied
of a small wholesale business,
auto salesman
and county
jointly by owner
"
tax assessor.

It should be noted that the validity of the scores for "road master on a
is doubtful, as over 40 per cent of
the students stated that they did not know where to place those occupations.
Table 2 shows the scores indicating the evaluation of various groups of
students.' Again, the occupations are listed by the score accorded them by all
The scores given by those students who come from towns of 10,000
students.
or more population, towns of 2,500 to 10,000 population, and towns of less than
2,500 population are compared.
Also, the evaluations by upperclassmen (juniors
and seniors) are compared with those of lower classmen (freshman and sopho-

railroad," millwright" and hod carrier

mores)

.

In the first place,
Here some interesting relationships become apparent.
proximity to one's mayor seems to lower one's esteem for him: "Mayor of a large
city" was rated highest by those students from small towns and "mayor of a small
town" was rated highest by those people from the larger cities.
Some other relationships exist. Juniors and seniors fairly consistently
tended to rate all occupations higher than did freshmen and sophomores. Furthermore the upperclassmen tended to rate significantly higher those occupations
which required a great deal of specialized training. Thus, while doctor" and
"owner of large manufacturing plant" tied for first place for the total group,
juniors and seniors rated "doctor" higher than owner of manufacturing plant.
The upperclassmen also rated dentist, chemist, and lawyer significantly
(more than 5 points) higher than did the freshmen and sophomores.
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85

Scoial Standing Scores of 100 Occupations as evaluated by Southern
State College students Grouped According to Population of Home
Town and Class Standings.
Home
Home

Home

town:

town:

town:

10,000

less
than

or more

2,500 to
10,000

Owner of large manufacturing plant
Doctor
Owner large plot oil land
Dentist
Chemist
Lawyer
Petroleum engineer
Owner large retail store
Mayor large city
Civil engineer
Minister
Owner large hotel
Owner large wholesale business
College professor
Certified Public Accountant
College administrator
Superintendent of schools
Owner large plot of timber land
Owner large farm, land
worked by tenants
Owner medium size plot oil land
Manager local office large

92
97
89
92
91
88
90
88
89
86
88
87
84
87
81
82
84
78

corporation
Manager manufacturing concern
Veterinarian
Owner small manufacturing plant
County judge
Manager of supermarket
Airline pilot
School principal
Real estate broker
Postmaster
Accountant
Owner large farm who works
land himself
Roadmaster on railroad
Mayor small town
Foreman in factory
Owner small plot oil land
Manager department store
Livestock farmer
Railroad engineer
Electrician
Cotton buyer
Insurance broker
Bookkeeper
Foreman of housing construction
Wholesale oil equipment salesman
Owner medium plot timber land
High school teacher
Manager of wholesale business
Owner medium farm worked by tenants
Owner small wholesale business
Auto salesman
Undertaker
Sheriff

Occupation

2,500

Juniors
and
Seniors

Freshmen
and
Sophomores

All
dents

96
96
92
88
83
84
85
84
91
83
83
84
86
81
81
85
76
76

96
98
91
91
90
86
88
86
94
86
86
86
85
86
87
80
80
83

96
98
93
95
92
94
91
86
92
89
91
85
88
88
91
88
85
75

96
94
91
89
87
87
87
86
84
84
84
86
85
84
82
83
79
81

95
95
91
90
88
88
87
86
86
85
85
85
85
85
84
84
80
80

78
78

81
77

78
80

81
73

78
80

79
79

81
75
88
76
82
75
78
78
78
72
73

77
78
71
76
72
74
74
71
78
75
70

77
78
77
73
73
73
73
73
72
72
72

76
82
77
79
80
76
80
80
74
82
77

79
75
76
74
73
73
73
72
73
72
71

78
76
76
74
74
74
74
74
73
73
72

71
71
78
74
70
75
68
70
72
72
73
68
68
68
69
68
70
70
65
63
65
67

69
65
69
68
73
69
72
68
70
62
65
69
70
69
66
67
67
66
66
64
65
62

74
76
69
72
68
71
70
69
68
71
71
70
68
66
67
67
67
63
65
64
64
65

74
78
73
72
69
71
78
74
71
74
78
70
69
74
65
71
70
67
69
67
70
69

71
70
70
71
71
71
69
68
69
68
67
69
67
68
68
66
67
65
65
65
63
63

72
72
71
71
71
71

stu-

69
69
69
69
69
68
68
67
67
67
66
65
65
64
64

--Continued
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TABLE 2 --(Continued)
Home
Home

Occupation
Wholesale fanning equipment salesman
Foreman in machine shop
Primary school teacher
Chief of police in small town
Secretary

Manager of farm
Machinist
Owner small retail store
Rig builder
Millwright
Carpenter
Stenographer
Furniture salesman
Foreman of highway construction
Owner small grocery
Owner small farm land
worked by tenants
Wholesale grocery salesman
Plumber
Post Office clerk
Postman
Barber
Policeman
Owner small auto repair shop
Salesman in clothing store
Pipe fitter
Salesman in shoe store
Painter
Owner small plot timber land
Factory worker
Shoe saleslady
Owner liquor store
Seamstress
Sewing machine operator
Truck driver
Roughneck
Owner small farm
who works land himself
Construction worker highway
Row crop farmer
Lumberjack
Worker in cotton gin
Dbor-to-door saleslady
Tenant farmer on shares
Waitress
Hod carrier
Saw filer
Day laborer on farm

gang

Home

town :

town:

town:

10,000
or more

2,500 to
10,000

less
than
2,500

Juniors
and
Seniors

Freshmen
and
Sophomores

dents

64
68
68
69
63
62
65
64
65
65
61
62
59
59
61

65
62
62
51
61
60
62
62
59
57
60
60
62
57
59

63
63
63
64
65
64
60
62
63
60
60
61
60
63
59

65
64
66
64
67
66
65
64
72
60
60
65
61
58
61

64
63
62
63
63
61
62
62
60
61
61
60
60
60
60

64
64
63
63
63
62
62
62
62
61
61
61
61
60
60

61
61
63
58
61
62
60
62
56
64
59
54
54
57
52
40
52
52
54
54

67
59
54
66
59
60
54
55
58
57
58
52
57
52
49
52
51
49
49
45

57
59
61
58
59
59
59
55
56
54
56
56
52
51
48
40
48
48
45
47

65
64
62
60
65
59
62
59
59
56
60
54
58
51
53
57
48
52
51
57

59
58
58
57
57
58
57
56
56
56
55
54
50
53
40
47
50
48
47
45

60
59
59
58
58
58
58
57
57
57
56
54
54
53
52
50
50
49
48
48

49
51
48
48
43
43
36
44
40
37
30

46
46
45
42
40
43
38
38
38
35
31

47
46
44
46
40
37
38
36
37
41
32

54
53
44
51
44
42
34
41
38
38
33

46
46
46
44
41
40
38
39
39
38
31

48
47
45
45
41
40
38
38
38
38
31

All
stu-

The urban students tended to rate industrial occupations higher; than did
the small town students.
In fact,
factory worker,
pipe fitter," "truck
driver," "millwright," and foreman in a machine shop" were all rated more than
5 points higher by the largest city groups than were they rated by the mediumsized or small-sized town group. Small town groups rated the railroad occupations higher than did either the large or medium-sized town groups.
Teachers
and school principals were rated higher by the large- town groups.
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from towns of less than 2,500 population
rated people who worked
"
farmers,
"owners and operators of farms,
day laborers on farm,
generally higher than did the students from larger towns.
Southern State College is in new oil and timber area.
Nearly ail of the
students live within a 50-mile radius of the college and the oil and timber
boom economy is their common experience.
The ratings indicate a resultant bias.
For instance, all groups rated jobs which had to do with petroleum higher than
jobs of similar skill and income in other fields. Thus, petroleum engineer
is
ranked above civil engineer by all groups. Owners of oil land and timber land
were ranked above owners of similar quantities of farm land, even though owners
of timber and oil lands are not necessarily more wealthy than owners of good
A wholesale oil equipment salesman
farm land.
is rated more highly than a
"wholesale farming equipment salesman" and a "rig builder is accorded a higher
rating than is the foreman of a highway construction gang and a roughneck
has a higher rating than does a "construction worker" or a "lumberjack." Thus,
the evaluation of occupations by the students are in accord with the culture in
which they live.
Table 3 is a comparison of Southern State College students' evaluation of
17 occupations with the evaluations of a cross section of the national populaColumn A is a list of the occupations
tion as reported by North and Hatt
given the titles that North and Hatt used; B is the scores given these occupations by the students; C is the score given on North and Hatt' s survey; D is the
difference between those scores.
Since the occupations presented to the two
groups of respondents were, on the whole, different, indeed 17 were the only
ones common to both studies, and since the respondents'
answers were probably
influenced by the comparisons they were making, it was felt that the compari sons
of the raw scores were not too revealing.
Therefore, the 17 occupations were
Columns E and F present the
ranked, so as to compare them with each other.
ranks that these 17 occupations were given as the result of the evaluation by
Southern State College students and by North and Hatt's sample, respectively.
Spearman's rank correlation coefficient was computed and found to be .72 which
is a fairly high coefficient of correlation.
Students

land,

"tenant

.

TABLE 3.

Comparison

Occupation

of Southern State College Students' Evaluation of 17
Occupations with those of a national sample as reported
North and Hatt*
Evaluation

Evaluation

score:

score:
nat-

Differ-

stu-

dents

ional

D=C-B

ence:

DiffRank:
students

Rank:
national

ence:

OE-F

D
E
F
B
C
G
+13
95
82
1.5
11
-9.5
+ 2
95
93
1.5
1
+0.5
+
90
86
4
3
7
-4
+ 2
Lawyer
88
86
4.5
7
-2.5
? 2
Chemist
88
86
4.5
7
-2.5
QO
6
Mayor of large city
86
4
2
+5
College professor
8Q
4
8
85
3
85
Minister
87
2
8
4.5
+3.5
+1
Civil engineer
85
9
84
8
-1
County judge
74
87
-13
10.5
4.5
+6
9
Airline Pilot
74
83
10.5
10
+0.5
Accountant
9
72
81
12
12
0
Railroad engineer
69
8
14
77
13.5
-0.5
+2.0
Public school teacher
65
-13
78
15
13
Machinist
62
73
-11
16
16.5
-0.5
Farm owner and operator
59
59
76
-15
17
15
+2.0
Mean
78.88
83.00
6.82
Mn-Dif = 4.0
Mn+Dif = +8.36
Spearmen's Rank Correlation Coeficient: p = +.72
*Cecil C. North and Paul K. Hatt, Jobs and Occupations:
A popular Evaluation", Opinion
News, Sept. 1, 1947, as reprinted in Sociological Analysis by Logan Wilson and William L. Kolb
(New York: Harcourt Brace and Company) 1949, pp. 466-467.

A
Owner, mfg. plant
Doctor
Dentist

--
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However itis interesting to note those occupations for which the rankings
differ broadly. The national survey ranked "owner of a manufacturing plant"
eleventh, whereas that occupation tied for first in the minds of the students.
The students ranked dentist, lawyer, and chemist all very high, whereas they
placed seventh in the national survey. "College professor
fared comparatively

badly at the hands of the students, placing eighth.
"Mayor of a large city
was ranked relatively low by the college students.
It is to be noted that for this table, the data were manipulated a bit.
The "public school teacher" which North and Hatt list was equated with the mean
rating of primary school teacher" and high school teacher.
Farm owner and
operator" was equated
" to the mean of four scores: "owner of a large farm who
works land himself,
score 84; owner of a small farm who works land himself,"
(Cotscore 48; "livestock farmer,
score 70; and row crop farmer,
score 45.
ton hasn't been doing too well in southwestern Arkansas.)
North and Hatt report that younger groups consistently tend to score occupations lower than the average. Our students conformed to this trend except at
the very top of the scale where they tended to rank most of the occupations a
few points higher.
Table 4 indicates a comparison of the average scores of occupational
groups as reported by North and Hatt and as worked out for the student rating.
There are 18 professional and semi-professional workers in our questionnaire
and their average score was 79.2; there were 30 in North and Hatt questionnaire;
the average score was 80.6 and so on. Note that with a few exceptions the group
scores are remarkably alike. Government officials are not comparable for the
two surveys because
the government jobs listed on the Southern State College
survey were all local officials, whereas North and Hatt listed national officials. Other differences are in craftsmen, foremen, and kindred workers; clerical, sales, and kindred workers; and farm laborers. For all of these classifications the national sample ranked the occupations higher than did the students.
The students were asked, "When you say that certain jobs have excellent
standing, what do you think is the one main thing about such jobs that gives
this standing?" 24 per cent gave the reason
It requires high moral standing,
honesty, and responsibility;
15 per cent replied that the job has a good fuit requires intelture and the field is not overcrowded;" 14 per cent answered
ligence and ability;" 13 per cent answered that "it provides security and
6 per cent answered
11 per cent replied it serves humanity;
steady work;
4 per cent answered
it
for initiative and; freedom;
"it affords maximum chance
"
is a good paying job; less than 5 per cent answered that the job carried soand that preparation requires much education, hard work, and
cial prestige
"

money.
However an analysis

of the evaluation of the students indicates that they
reversed the order of importance of these factors, when they rated specific occupations, for nearly all of the top-rated jobs are ones which pay well, (with
the exception of college professor)

and are ones which require considerable

ed-

ucation and training. In this they conform to the national population.
The ratings were later combined to form a five point scale of occupational
status, which will be used to aid in the evaluation of the socio-economic status
of individual Southern State College students.
Re fe rence s
1. Warner, W. Lloyd; Meeker, Marchia; and Eells, Kenneth Social Class in America:
A Manual of Procedure for the Measurement of Social Status.
Science Research Associates Inc.,
Chicago, pages xiii-274; 1949.
A Popular Evaluation
2. North, Cecil C. and Hatt, Paul K. Jobs and Occupations:
Opinion News, reprinted with permission by Wilson, Logan and Kolb, William L., pages 3-13
September 1, 1947. Sociological Analysis, Harcourt, Brace and Company, New York, 1949.
3. Ibid.
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TABLE 4.

Comparison

of Average Ratings of Occupational Groups, Southern State
College Students and National Sample*

occupations:

Average
score:

occupations:

Average
score:

students

students

national

national

18

79.2

30

80.6

18

11

74.9

8

90.9

8

72.8
70.9
62.8

3

61.3

12

62.3

7

68.0

16
1
3

60.8
58.0
49.0

6
3
8

68.2
58.0
52.8

2
3
2

48
44.3
34.5

7
6

46.7
45.8
50

Number of
Classification
Professional
workers

89

Number of

and semiprofessional

Proprietors, managers
and officials, (except gov' t)
Government officials**
Farmers and farm managers
Craftsmen, foremen,
and kindred workers
Clerical, sales, and
kindred workers
Protective service workers
Operatives and kindred workers
Service workers (except
domestic and protective)
Laborers (except farm)
Farm laborers

7

1

•North and Hatt, Ibid, p. 467
•'Government workers in questionnaire given to
to Southern State College students were not
comparable to the North and Hatt group, the latter including high national officials, the former including only local officials.
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